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GENERAL IKTRODUCÏION 
Ih* performenc# of aovoral hortloultural and ogronomio crops has 
long bean aasooiatad with aaad quality. As far back as I&IS, Kidd and 
Wast proposad that tha physiological oonditiona of tha aaad 
pradataroinas growth and parforoanca of the subsequent crop. 
In order to maximize yield and financial returns, com seed 
producers buy and sow high quality seeds. Seed com is marketed on 
quality, based on information derived from quality tests. The 
accurate aasessment of seed quality can have a significsnt impact on 
improving seed performance which can culminate in important economic 
considerations for the farmer (hcBonald, lS60a). 
The standard germination test still remains the primary measure 
of seed quality (Celouohe and Cadwell, 1960; Eelouche, lSé3i 
Woodatock, 1S7)), Seed germination is defined as "the emergence from 
the seed embryo of those structures which for the seed in question are 
indicative of the ability to produce a nonml plant under favorable 
conditions" (AOSA, 1S76)* 
When field conditions at planting are near optimal» the standard 
germination test result correlates well with field emergence (Perry, 
lS77î Bgli and Tekrony, 1579; Luedders and Burris, 1575), However, 
such field conditions rarely occur (r^Conald, 156(h). In temperate 
climates, seeds are often sown in wet cold soils while in the tropics, 
hot dry climatic conditions may prevail at planting time (Pollock and 
Rooe, 1572), Under such suboptimal conditions, the standard 
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germination results are unable to predict field emergence of a given 
seed lot (Sherf» 1953; Delouche and Cadwell, 1960; îekrony end Egli, 
1977; Johnaon and Wax, 1976; ïalich and kulik, 1979). The inherent 
weakneaa of the atandard germination teat aa a sensitive index of the 
seed quality (Cadwell, I960; Delouohe, 1963, 1968; Heydeoker, 1972) 
led to increased research into the relationahip between seed quality 
and emergence* This research resulted in the development of the vigor 
concept aa another parameter for the evaluation of seed quality and 
potential field performance. Such parameters would determine the 
level of seed quality above which seed can be utilized with low risks 
of poor or slow eawrgence, and growth, and reduced yield (Gill and 
Delouche, 1973). 
The concept of seed vigor bas been reviewed by many workers 
(Abdwl-Baki, I960; tredncck, 1975; Burris, 1976; Moore, 1963; Chlng, 
1973a; Delouche and Cadwell, I960; Crsbe, 1973; Heydeoker, 1972; 
Isely, 1957; Perry, 1973, 1976, 1960; Pollock end Roos, 1972; 
Woodstock, 1965; Yalieh and Kulik, 1979; McDaniel, 1973). Various 
definitions have been proposed. However, it still appears that the 
CO;sept of seed vigor is not well-understood. This is dramatically 
shown in the array of definitions developed for seed vigor. As of 
now, none of the definitions has been internationally accepted. 
Isely (1957) proposed that two ideas appear to enter into various 
concepts of vigor, rapidity of growth and tolerance of unfavorable 
sowing conditions, his emphasis on unfavorable sowing conditions is 
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in other proposed definitions (Heydeoker, 1S60; Germ, 1S60). 
laely defined seed vigor ae '*the mum total of all seed attributes 
which favor stand establishment under unfavorable field conditions.** 
Heydeoker (196S) defined vigor as '*the ability to produce a stand in a 
suboptimal environment" but later, in 1S72, went on to indicate that 
the term vigor is scientifically vague but when applied to seed is 
taken to denote that they are likely to perform better in the field 
than other* of the same laboratory potential. Similarly, Oelouche and 
Cadwell (I960) reported that no precise definition of vigor is 
possible and tint vigor wnnot be adeqiwtely measured by the standard 
germination test. Ihey suggested that seed vigor be defined as "tne 
sum total of all seed attributes which favors rapid and uniform stand 
establishment in the field." Woodstock (1S6)) defined seed vigor as 
that condition of active health and natural robustness in seed which 
upon planting, permits germination to proceed rapidly and to 
completion under a wide range of environmental conditions." Germ 
(1960) conceived seed vigor "as the ability of seeds to produce 
seedlings capable of Increasing in length and volume while still 
dependent on their own reserve." Burris, in 1975, defined seed vigor 
as "the summation of seed and seedling attributes that allow rapid, 
uniform germination over a range of environments followed by a rapid, 
uniform seedling emergence culminating in a sustained high rate of 
growth throughout the vegetative development." However, in 1576, he 
concluded that "seed vigor is a subjective term and appears as 
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difficult to define as to measure." Perry (1S73) commented tinat the 
definitions of seed vigor by others were inadequate and defined seed 
vigor as '*a property determined by the genotype and modified by the 
environment, which governs the ability of a seed lot to produce a 
seedling rapidly in soil, snd the extent to which the seed tolerates a 
range of environmental factors*** He went on to conclude that "the 
influence of seed vigor may persist throughout the life of the plant 
and affect yield." According to AOSA (1962), Perry was the first to 
incorporate inheritance into the vigor concept even though inheritance 
had been earlier known to play a big role in seed vigor (Dickson, 
ISeO} Crabe, 1S65| Isely, 19)0; Xneebone, 1976; MoCaniel, 1973} latum, 
1942). The existence of many definitions of seed vigor coupled with 
the fact that none of those proposed tad been accepted internationally 
urged the two international seed associations. International Seed 
Testing Association (iSTA) and Association of Official Seed Analysts 
(AOSA), to each elect vigor test committees to seek a possiole 
ctofinition for seed vigor. 
In 1978, IS1A (Perry, 1976) defined seed vigor "as the suœ of 
those properties which determine the potential level of activity and 
performance of the seed or seed lot during germination and seedling 
emergence." They went on to explain that "seeds which perform well 
are termed "high vigor seed"; while those which perform poorly are 
called "low vigor seeds." Other aspects of crop performance which may 
show variation associated with differences in seed vigor were 
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•p«oifi«d in th« definition. In 1S60, AOSA (AoDonald, lS€Ob} defined 
vigor mm "m«#d vigor oomprieem thoM meed propertimm which determine 
the potentiel for rmpid, uniform, mmergenoe and the development of 
normml seedlings under m wide range of field conditions.** 
Literature (Celouohe, 1S60; Keydeokar, 1969I Isely, 1957; 
Sohoorel, 1956, I960; Baker, 1972; burris, 1977; hcGae, 1983) 
oointaine that deterioration or loss of seed quality is a consequence 
of some factors which include inheritance, environnent of production, 
post-harvest treatments of seed, presence and activities of seed borne 
microorganism# and possibly insects, and improper use of chemical 
compounds. 
At the time of tervest, tM seed possesses ite greatest quality 
capabilities (Wahab end Burris, 1971). Hereafter, the seed undergoes 
irreversible changes which reduce the aurvival capacity (Anderson, 
1970). The combined effects of all such changes are known as 
deterioration (Abdul-baki and Anderson, 1972; Celouohe, 1968; 
Heydecker, 1972). 
Many workers have evaluated the physical ityrd and Delouche, 
1971; Celouohe and Cadwell, 1960; Ihroneberry end Smith, 1^55), 
pf^siological (Burrig et al., 1969; Edje and Burris, 1970b; Celouohe, 
1963, 1965; Grebe, 1963), end chemical-biochemical (Abdul-Eaki and 
Anderson, 1973; Abu-Shskra and Ching, 1967; Anderson, 1570, 1973; 
Grabe, 1964; Siriwatanapongse and Bauaan, 1966) changes associated 
with seed deterioration* 
6 
G«louoh« and Êaskin (1S73) proposed that many successive events 
lead to inoreasing deterioration culminating ultimately in the loss of 
germination. They emphasized that the loss of germination which the 
standard germination test evaluates is the final consequence of seed 
deterioration and that this is preceded by many biochemical and 
physiological changes. 
AOSA (1962) listed some of the consequences of deterioration 
w*Uoh precede loss of germination as progressive reduction in the 
rapidity, uniformity, intensity of growth, and an increased 
sensitivity or decreasing tolerance to environmental conditions. 
Loss of membrane Integrity has been implicated in seed 
deterioration. Some research workers (Abdul-Bakl and Baker, 1S73; 
Klein and Pollock, 1S6S) reported that the organization of membrane 
organelle system la maximal during seed development and that as seeds 
mature, the organelles lose their structural organization and become 
less active metabollcally. Cell membranes may deteriorate as a result 
of peroxldative enzyme activities and such reactions aay cause the 
formation of free radical intermediates and unstable peroxides 
(tfllllers, 197)). At norsal dry seed storage moisture, 12-17$, the 
cell and organelles show shrinkage and alteration of membrane 
structure and penwablllty (Abdul-6akl, I960). Such membrane 
disorganization may give rise to lose of cellular components (Roberts, 
1972a). 
Koostra and Harrington {IS6&) reported a reduction in polar 
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lipid* in Cucumia gattvua aceda whieh had been aubjeoted to 
•ootlerated aging ocnditicn. Polar lipida are oooponenta of membranea 
and loaa by autoxidatlon reaulta in pore formation (Perry, 1980). 
Poor membrane atruotures and leaky celle have been reported in 
aaaociation with low vigor leeda in pea (Matthewa and Bradnook, lS67t 
Carver and hatthewa, 1973; Scott and Close, 1976), rice (Agrawal, 
1977), com (Gill and Delouche, 197); Tao, 1980a, 1960b; Seyedin at 
al., 1964), loybean (Abdul-Bakl and Anderaon, 1^3; ïalich et aj., 
1979), barley (Abdul-Eaki and Anderaon, 1970), clover and ryegraaa 
(Chlng and Schoolcraft, 1968), However, Abdul-Bakl (1960) remarked 
that seeda aubjeoted to mechanical Injury may leak electrolytea due to 
brulaea, cracka and breakage of tiaaue. Thla type of Injury, he 
cautioned, should be differentiated from that due to change In 
membrane functiona. 
Living seeds are biological entities. Among some of the 
processes associated with deterioration are reduction in mitochondrial 
number, respiration rate, metabolite content and enzyme activities. 
The mitochondrion is one of the most studied organelles with 
reference to seed vigor. Mitochondria are the major sites of 
adenosine triphosphate (ATP) production in young seedlings (KcDaniel, 
1969). Most chemical reactions that take place upon the initiation of 
germination utilize energy in the form of ATP iChing, 1672). Vigorous 
seeds which germinate and grow rapidly require more energy. Faulty 
mitochondrion may decrease metabolic processes such as respiration 
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Mhioh may result in alow elongation of the embryonic axis (Ching, 
1972). In oontraat» other proceaaea like mechanioal injury may reault 
in leaa vigoroua aeeda with inoreaae rather than deoreaae in 
reapiratory rate (Woodatook, 1968). 
KoCaniel (1969) reported that aeedling vigor can be related to 
the quantity of mitochondria and ratea of mitochondrial oxidative 
activity. In hia later work, McDaniel (1973) pointed out that 
reapiration and mitochondrial efficiency (AOPtO ratio) were the beat 
meaaure of hybrid yield potential in barley. Ke reported that he waa 
able to uae pUtochondrial activity ae a lelecticn criteria for hybrid 
vigor. Sehneiter et aj[. (1976) waa able to correlate AQPiO ratio of 5 
day old alfalfa aeedling with fora^ yield, r » 0.61. Abu-Shakra and 
Ching (1967) reported a reduction in the number of mitochondria in 
seedlings grown from aged O year old) soybean seeds compared to newly 
harvested seeds, the P/0 ratio of mitochondria from aged seeds was 
40-70% of the new seeds. Oxygen uptake per unit weight of 
mitochondrial nitrogen was higher in aged seeds. Some evidences of 
positive association between seed deterioration and ATP production 
have been reported in barley (Ching et 1977), total respiration 
rate in com, sorghum, wheat, radish, and orchard grass (Woodstock and 
Combs, 1965; Eurris and Carson, 1971; Xittock and Law, 1966), and 
soybean (Wahab and Burris, 1971; Eurris et al., 1971). In contrast, 
Abdul-Eaki (1969), Anderson (1970), Eyrd and Celouche, (1971) and 
Bonner (1974) have shown that respiration rate does not correlate with 
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seed vigor. 
Son# worker* have reported decreases in the levels of some 
metabolites required for the produotion of energy and for new cellular 
Qonatituenta with reduotiona in seed quality. Edje and Burris (1970b) 
reported a decrease in glucose, reducing sugar, non-reducing sugar and 
total sugar with increasing age in soybean seeds. Ching and 
Schoolcraft (1966) reported a decrease in soluble sugar with aging of 
seed in orimaon clover. Mahab and Burris (1971) reported reduced 
quantity of reducing sugar, -amino and ^ -imino acids within the 
embryonic axis of germinating seedling from low quality seed lot 
compared with high quality seeds. Schweizer and Ries (1969) and Ries 
et al. (1970) reported an increase in the protein content of seeds by 
application of nitrogen. Plants raised from the high protein seed had 
higher vigor than those from the non-fertilized seed. Lopez and Crabe 
(1973) confirmed this result when they observed that application of 
high nitrogen levels increased protein content and that such eeeos 
germinated faster and developed into larger seedlings with higher dry 
matter when grown on nitrogen deficient soil. 
Some workers have reported reductions in the activities of some 
enzymes in deteriorated seeds, lecrease in the enzymes, cytochrome 
oxidase, a»lie and alcohol dehydrogenase in com (Throneberry and 
Smith, 1955) dehydrogenase and diastase in soybeans (Harrison and 
Perry, 1971?), glutamic acid decarboxylase in com (Crabe, 19c4), and 
in rice (Bautista et al., 1964; Islam et al., 197^) have been 
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•saooiatcd with deteriorated seed. However» Burr is et aj[. (1969) 
reported little or no relationship between glutamic aoid decarboxylase 
and seedling vigor in soybeans. In contrast, Roberts (1972s) reported 
deorMses in the activities of phytases, proteases and phosphatase 
with loss of viability. 
Some workers (Peto, 193ii Roberts, 1972ai Sedenko, 197b* Abdul-
Baki and Chandra, 1977) have observed increased chromosome damage and 
genetic mutation with seed deterioration. 
Osborne at al,. (1974) attributed loss of seed vigor to damage of 
DMA template. Cheah and Osborne (1978) proposed that inhibitions of 
endogenous nucleases are lost during deterioration and that released 
DKAase causes lesions on the SUA molecules within the nucleus, this, 
they said, could lead to disruption in the transcription of LKA needed 
to initiate protein eyntheeie. 
Abdalla and Roberts (1S66) observed a positive correlation 
between percentage of dead seeds and chromosomal damage in barley, 
broad beans, and peas during storage imder poor conditions. They 
suggested that percentage viability could be used as an index of 
chromosomal and genetic mutation of the surviving seeds, inrespective 
of the environmental factor responsible for the loss of viability. 
Abdalla and Roberts (1969) observed that loss of up to 50% 
viability led to mutation of chlorophyl genes in barley, broad beans 
and peas. Roberts (1972a), however, commented tnat some recessive 
genes my not appear in the A^ (first filial) generation of the 
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•uba«qu«nt crop produced from deteriorated seed but may be expressed 
in the Ag (second filial) generation. He concluded that cases where 
abnormalities due to deterioration were not inherited, they may not be 
due to chromosomal changes but to some kind of cytoplasmic and 
physiological changes. 
In order to minimise one of the causes of deterioration, field 
weathering, maize seeds are normally harvested at high moisture, about 
40%, content and subjected to artificial drying in order to attain dry 
storage seed moisture (11-12*) (Meier, 1963). However, drying of com 
may affect various physiological processes and reduce vigor (Reiss 
1944). Uashko (1941) proposed that drying temperature appears to have 
the greateat influence on seedling vigor, emergence and subsequent 
growth of the plant. Reiss (1944), working on com, observed that 
seed dried at 51.6^ C made slower growth in the field to tasseling 
French (1959) showed that exposure of dry barley seeds to high 
temperature aarkedly reduced seedling vigor and starch formation in 
the embryo. Gausman et al. (1952) observed that seeds dried at 33.9° 
C and 43.2^ C contained lesser amounts of pantothenic acid, 
riboflavin, and pyridoxine levels. 
Cultivars differ in their susceptibility to Injury by high drying 
temperature. Reiss (1944) observed that inbred line Wf-9 was more 
susceptible to injury by high drying temperature (43-47® C) than 
inbred line R4. He reported reduced seedling vigor in seeds dried at 
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43.)° C and 48.9° C compered to those dried at 37.0° C. Navra til and 
fiurria (1964) reported that high drying temperature of 45° C and 50° C 
reduced germination, and seedling vigor of com. They observed that 
the seeds of maternal inbred line A632 were tolerant to high drying 
temperatures whereas Mol7 and B73 were not. In a study by Seyedin et 
al. (1984)» it was reported that the seeds of maternal inbreds A632 
and Kol7 leeched more sugar into wter after being dried at 30° C than 
at 35° C. 
Research workers have found it easier to measure seed vigor in 
the laboratory than in the field. Various teste have been developed, 
which test one or more of the factors along the pathwy of 
deterioration* The results of iwny of these tests have demonstrated a 
positive correlation with seed/seedling performance. However, none of 
these teste have been standardized or recognized as an official test 
of seed vigor. 
Isely (1957) divided vigor test into two categories, direct and 
indirect. Direct tests simulate seed/seedling performance under 
stress conditions in field environments. Direct tests include: cold 
test, accelerated aging, and cool germination teste. On the other 
hand, indirect tests measure some specific physiological components of 
the seed. The tetrazolius (TZ), glutamic acid decarboxylase (GACA) 
are examples of indirect tests. Woodstock (1973) categorized vigor on 
the basis of the physiological and biochemical reactions that go on in 
the seed. Physiological and biochemical tests determine specific 
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•nzymatio and ohcmical reactions related to seed germination. 
McDonald (1S75) added another category, physical, which included seed 
sise, shapes, and density. AOSA (1962) classified vigor tests into 
three broad oategorieat 1) seedling growth evaluation tests which 
include seedling vigor classification, seedling growth rate, and speed 
of germination tests; 2) biochemical tests which include 12, 
conductivity, respiration, GADA, snd ATP content; 3} stress tests 
which include accelsrated ageing, cold test and cool germination 
tests. 
The effects of seed deterioration on the performnce of seed on 
the field and how it influences the plant has been of interest to many 
workers. The measures of seed vigor range from field emergence to 
plant uniformity and grain yield. Pollock and Roos (1972) stated that 
differences in seed vigor can be manifested in speed of germination, 
uniformity of emergence, seedling growth, and crop yield. Glenn et 
al. (1974) proposed that hybrids with an inherent ability to emerge 
rapidly and grow qulcKly may have a potential yield advanta^ over 
their slow growing counterparts because of increased higher perception 
and higher photoassimilatory activity early in the season. 
Umtor normal agricultural conditions, the percentage viability is 
an excellent indicator of growth potential of the surviving seedling 
irrespective of the combination of factors which lead to loss of seed 
viability or the rate at which vigor is lost (Abdalla and Roberts, 
1569). Eoyd et al. (1971) pointed out that germination capacity is a 
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first requirement but in addition, the rate of germination can be used 
in assessing seed vigor. 
Various methods have been used to oaloulate the rate of 
germination/emergenoe. hethods include emergence rate index (Allan et 
al,, 1962; Erbach, 1962i Fakorede end Ayoola, 1980), regression index 
(Tucker and Wright, 1962), speed of germination (Lawrence, 1965; 
haguire, 1962), and germination value (Czabator, 1962). 
Funk at (1962), working on 2, 3, 4, and 5 year old hybrid 
com seeds, observed that old seeds were slower to emerge and had 
reduced competitive ability than new seeds. Whalley et al_. (1966) 
pointed out that genetie charaoter and quick emergence of Schimus 
arabicus and Phalaria spp., were essential to plant establishment and 
competitive advantage. Wanjura et al. (1969) showed that early 
emergence of cotton was correlated with the greatest survival of 
seedlings and highest yield of lint cotton per plant. Woodstock and 
ireeley (1969) found that the rate of com seedling growth during the 
first 3-4 days of germination correlated highly with growth rake 4-16 
days after planting and that wedling growth during the first week of 
germination was correlated with growth between 2 and 3 weeks after 
planting. Inouye and Ito (1969) reported a positive correlation 
between the speed of plumule elongation and emergence of some cereals. 
Grebe (1965) observed a positive correlation between root length of 
com and seedling vigor. 
The influence of the rate and vigor of germinating seeds on stand 
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establishment is one of the critical factors in obtaining maximum 
yield (Ching et *1^., 1977). The evaluation of vigor by measuring crop 
yield has been difficult because of the fact that seed end seedling 
vigor can produce major stand differences in stand density (Pollock 
and Roos, 1972). Egli and Tekrony (1979) pointed out that some 
methods used in studies of vigor effects on field establishment were 
improper. They stated that overplanting end thinning to ensure 
uniform population could result in bias tf the method of thinning 
removed the weak plants from the low vigor treatments. Christiansen 
and Ihomaa (1969) suggested that variability between planta is the 
result of environmental conditions during germination. Pollock and 
Roos (1972) suggested that the effect of stand density can be 
separated from the effect of vigor on the productivity of individual 
plants by greenhouse planting and vigor classification followed by 
replanting to stand and spacing in the field as used by Hoffman (1925) 
in com, Scheer and Lllieon (I960) on asparagus, and Clark and Kline 
(1965) on tomatoes. 
Dungan and Koehler (1940), working on com seed», found tmt 3-
year-old seeds had 4.8% lower yield than 1-year-old when both lots had 
equal stand number. When reduced stand was considered, yield 
reduction increased 7.6%. Yield reduction for 7-year-old seeds were 
10.1% and yi% for equal and reduced stands, respectively. 
Johnson and Wax (1976) evaluated the effect of soybean seed 
quality at uniform seedling rate and reported a positive relationship 
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between seed vigor, field emergence, and yield. However, they 
concluded that differences in yield were primarily related to stand 
differences. 
Edje and Burris (1571) observed that low vigor seeds of soybean 
seeds had decreased emergence, poor stand establishment compared to 
medium vigor but that once stand was established, no significsnt 
difference was observed between high, medium and low vigor seeds. 
They concluded that once satisfactory stand is obtained, yield is not 
affected by seedling vigor in soybeans but that when weed competition, 
imfavorable conditicne and population stress occur, high quality seed 
might have sn advantage in obtaining maximum yield, iyrd (1970), 
working cm soybean seeds of 6 vigor levels, found that even when low 
vigor seeds emerged end stands were equal, no differences in yield 
occurred. This is in line with Perry (1S60) who remarked that once 
seedlings become autotrophic, their relative growth rate becomes 
similar regardless of seed quality. 
Pollock and Boos (1972) consider competitive interaction between 
plants as one oS the major crop performance aspects affected by vigor. 
In contrast, Donald (1968) pointed out that higher yield in cats is 
more dependent on the number of individual plants resistance to 
crowding rather than on the aggressiveness of each plant as each plant 
makes efficient use of its limited environment, yet competes with its 
neighbors because of dense planting. AWalla and Roberts (IS69) 
stated that growth rate may be compensated for at later stages of 
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development and that provided the initial seed development was not 
lea* than 50%, final yielda were not aignificantly affected. Perry 
(1980) evaluated the effect of deteriorated barley meed on field 
performance in different typea of field aoil conditiona. He observed 
that the low population brought about by the interaction of low vigor 
seeds and an adverse environment were aasociated with lower yield. He 
also observed that the surviving plants were not able to compensate 
completely for the missing plants. However, plants at low populations 
emerging from low-vigor seeds produced more ears, more grains per ear, 
and, in some oases, heavier grain* than at high population* 
Several research workers have used growth analysis to quantify 
seedling growth. Cooper and Quelle (1969), Quails and Cooper (1969), 
working on birdsfcot trefoil concluded tmt the measurement of seed 
vigor can be made via the relative growth rate once the seedling 
atart* photo-eynthesizing. (akorecto and Ayoola (1900), working on six 
vigor level* in different seed lot*, investigated the effectiveness of 
various growth analysis in predicting seedling vigor and yield of 
com. They concluded that leaf area, relative growth rate, net 
assimilation ratio wre linearly correlated with yield compared to 
other seedling tests, lests conducted were standard gemination test 
at low temperature, 4 days root to shoot growth, TZ, field emergence 
at 21 days, plant height, and grain yield. They observed that a 
linear relationship existed between growth attributes and seed vigor. 
They suggested that the growth analysis parameter could provide 
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estimates of seedling vigor and potential field performance. Kerr 
(1961) proposed that the relationship of seed vigor can be described 
by a continuous variable auch as plant height. 
The relationship between seed vigor and nature crop growth and 
the ultimate yield of the plant produced has not yet been olearly 
determined. The effect of seed vigor has been vsriable depending upon 
the crop species. Many factora can influence the yield during the 
growing season that may not relate to the original vigor of seeds 
(AOSA, 1962). Certain genotypes have the ability to compensate for 
minor stand differences during emergence which may result in 
differences in final yield (AOSA, 1962). 
Seed size is one of the seed characters that has been associated 
with seed vigor. The positive effects of increcised seed size on 
various aspects of growth lave been reported :.n many crop species. 
Hoffman (1925) observed ti»t large and swill seeds of sweet com 
germinated at about the same rate but that seedlings from large seed* 
reaolwd canning maturity five days earlier than those from small 
seeds. Kewston (1964) reported an initial height advantage due to 
large compared with smll seeds but that by plant maturity the 
differences were not evident. Glenn et al» (1974) reported a positive 
correlation between seed size (1000 seed weight) and two vigor 
variables, 5 day seedling emergence and 26 day seedling height, in 
com. 
Qexeman (1942) observed that lighter seeds of soybean, cucumber 
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and tomato had slower growth rate until 6 weeks and reduced oross-
seotional area of the pith and xylem tissues in approximately the same 
ratio as the seed weight. A significantly higher mortality rate was 
exhibited by seedlings produced from lighter seeds. 
Smith and Camper (1970), working on soybeans, found that plants 
produced from large seeds yielded more and were taller than plants 
produced from small seeds. He also observed that plants produced from 
a mixture of small seeds in the same row yielded less then either 
large or small seeds. Irehr end Probst (1971) reported a positive 
correlation between seed size and yield, burris et e^. (197)) 
compared seed size effect in four sizes of four varieties of soybean. 
They reported that the largest seeds were superior to small ones in 
total emergence, cotyledonary and trifolimta leaf area in the 
laboratory but that the smallest seed alzc exhibited higher 
photosynthetic rates. In the field, large seeds showed greater 
overall emergence percentage, leaf area and height. Largest sizes 
yielded more than the smallest sizes when sown in uniform population. 
Aisselbach (1924) selected for large seedednees and was able to 
improve yield in winter wheat and spring rye. Kaufman and KacEaoden 
(I960) obtained significant yield differences between small and large 
seeds in barley. The differences were a result of «ore heads per 
plant and were greater when plants were closely spaced than when 
widely spaced. Xaufmn and Guitard (1567) studied the relationship 
between seed size and early plant growth in barley. They reported 
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that large seeds were superior in the rate of seedling emergence and 
size of the first two leaves. 
Thomas (1966) observed that seed weight had a positive effect 
under competitive conditions in swards of Loliun perenne and he 
considered this as one of the main determinants of successful sward 
establishment. 
Rofler (1994) reported that dry weight of four month old plants 
from small seeds were 64^ of that from large seeds in crested wheat 
grass, black (1997) observed that large seeds of subterranean clover 
(Trifolium subterraneun L.) produced plants of greater dry weight than 
small seeds \xp to five uwntha after planting when crowding was not a 
factor, 
Irupp and Carlson (1971), working on bromegrass, observed that 
seedling vigor in the early plant life wae highly correlated with seed 
size but that the effect of vigor dissipated with age in the first 
year and this advantage was not carried over to subsequent years. 
Glenn et a^. (1974) evaluated the relationship between grain 
yield in com and seed vigor using a ren^ of hybrids involving 
crosses between high and low quality weds, timy observed no 
difference* in rate of emergence but hybrids differed significantly in 
plant height and dry matter. Ihe differences due to plant height 
disappeared with age. Positive correlations were reported to exist 
between plant height and visual vigor rating and with dry weight at 
seedling stage and also between plant height at seedling stage, nature 
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plant height end mature leaf area index. However, no relationship was 
found between any measure of spring vigor and yield in the two years 
of study. Grubbels (1975)• working on sweet com, observed seeds 
pregerminated at 32 degrees C had higher emergence, emergence rate, 
and initial seedling fresh weight than the untreated. However, the 
initial differences due to seed vigor were not expressed in #ar 
number, kernel moisture content, or kernel dry weight, idje and 
Burris (1971) used soybean seed lots that were artifioially aged to 
create vigor differences. They observed that no significant 
difference due to vigor was shown in any variety at any sampling date 
for leaf weight or stem weight. The effect of vigor was not reflected 
on yield parameters (pods/plant, seed/pods, or seed size). Egli and 
Tekrony (1S79) found no effect of Med vigor on yield of soybean 
regardless of cultiver or planting date. 
Funk et al. (1962) observed that com plants produced from weak 
seeds (less than germination) had lower yield than stronger seeds 
(greater than S0% germination). Fleming (1966) investigated the 
effect of seed age on com. He observed that Z-year-old seed had the 
same germination percentage as 1-year-old but the yield was 
significantly less in 2-year-old than the 1-year-old seeds. Burris 
(1975), working on com, reported significant differences in vigor 
using seedling dry weight as an index. However, he found no 
difference in field emergence in 4 out of 6 hybride under 
investigation. In contrast. Funk et al^. (1962) observed that plants 
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obtained from low vigor seed* were aaaller during seedling stage and 
yielded lower than from high vigor seeds. He also observed that ear 
height was olosely correlated with physical purity and with grain 
yield. In another study by Burria (1975) on t^brid com, he reported 
a reduction of plant height, leaf area, and dry matter due to vigor 
but that with time the differences disappeared. Tasseling and silking 
dates were reduced, and an increase in bareness observed in plants 
resulting from low vigor seeds was associated with a reduced yield 
from low vigor seeds. In another study on com, Burria 11975) 
evaluated field performance in com at 6 locations in the widwest 
(USA). He reported positive correlation* between vigor (seed weight) 
and emergence and with yield, Eurris (1975) concluded that no 
consistent response due to vigor could be shown in com but that those 
hybrid* which showed positive relationship between initial vegetative 
performance and yield would respond to increases in seedling vigor. 
Some workers have also reported positive association between seed 
quality end yield in other species such as barley (Perry and Harrison, 
1977), cotton (Bishnot, 1971), field bean (Vieria, ISéé), muug beans 
(Rodrigo, 1939), and in soybeans (Harrison et a^,, 1965), 
The term "seed vigor", though used for many years, appears not to 
be clearly understood, particularly as it relates to crop production, 
host definitions of seed vigor do not extend beyond stand 
establishwnt. To date, the literature contains insufficient data 
regarding the relationship between seed com vigor and crop characters 
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influenced by seed vigor; how long such influence persists and the 
relationahipa between oharaoters influenced. Research investigations 
relating seed vigor to crop performance in the absence and presence of 
stand differencea in com ia limited. Thia atudy attempta to 
determine the orop characters through which seed vigor is expressed, 
how long such influence persista end the relationahipa between the 
character# identified* The experimental techniques used duplicate as 
closely aa possible production practices followed by commercial seed 
growers. Ihe results obtained clarify the relationship between seed 
vigor and crop performance in both the presence and absence of stand 
differences, the relationships betwen characters influenced by seed 
vigor could be useful to plant breeders in their selection programs 
for seed vigor in com. 
Explanation of Dissertation Format 
this dissertation comprise a general introduction, two sej^rette 
papers i^arts), a general summary and conciuaion, literature cited, 
acknowledgements, and appendices. The Ph.D. candidate, ibunade 
Akintorin-Adegbuyi, ie the senior author on publications derived from 
the two parts. The two journal articles, are coauthored with 
Professor J. S. Eurris in heroaoay Journal IS65. 
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PART 1. FliiP CRIÎlfilA USIXr U D&IERhl^INC 
m VIGOR OF S££0 CORIt (Z£A MIS L.) 
AS 1M3UCSD bX BRYiW INJURS 
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ABSTRACT 
G#n#r#l agreement does not exist regarding the influence of seed 
oom (Zea mays L.) vigor on subsequent crop performance. A study was 
conducted to determine th# characters through whioh seed oom vigor is 
expressed, how long the influence persists and the relationship 
between the characters identified. Seeds of two com hybrids A6)2 X 
(H99 X H95) and B73 X (HS9 X H95) dried at 35° C and 50® C were grown 
in the field for 2 years and in the growth chamber in Ames, Iowa. A 
complete range of growth parameters were measured in the field, 
laboratory and growth chamber. Of these parameters, emergence, 
emergence rate, plant height, stem diameter, shoot dry matter at 4 and 
6 weeks and penultimate leaf length and width were characters found to 
be influenced by seed vigor. As the plant aged, the influence of seed 
vigor decreased. Positive and negative relationships were found to 
exist between some of the characters influenced by seed vigor. 
However, seed vigor had no influence on yield. 
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IMROQUCTION 
In oommeroial corn production» s««d la one of tha moat important 
inputa. In order to maximize ylelda and finanoial retuma» faroera 
attempt to plant high quality aeeda. The atandard germination test is 
the primary accepted meaaure of seed quality (Celouohe and Cadwell, 
lS60t Woodstock, 1965). Results of the atandard germination teat 
generally correlate well with field emergence (Perry, 197); Lueddara 
and Burria, 1S79), when soil conditions are favorable for rapid 
emergence. However, when aoll or environmental conditiona impose 
atresa on the germinating seeds aa may occur with early planting, the 
standard germination résulta are unable to predict field performance 
(Tekrony and Egll, 1977)* these Inadequacies promoted the development 
of vigor aa a parameter of seed quality. The vigor concept, waa 
developed to differentiate between seed lot performance in unfavorable 
aoll conditions (Gill and Celouohe, 1973). 
The concept of wed vigor ta» been reviewed by many workers 
(Abdul-Eakl, I960; Eurrla, 1976; Delouche and Cadwell, I960; 
Heydecker, 1972; leely, 1957; Pollock and Rooa, 1572; McDanlel, 1973)» 
Various definitions have been proposed (leely, 1957; Heydecker, 1969; 
Uoodetock, 1965; Perry, 1978; Burrle, 1975; International Seed Testing 
Association, (ISTA) Perry, 1976; Association of Official Seed Analysts 
(AOSA), (KcConald, 1960). Seed deterioration may be one of the causes 
of the decline In seed vigor (Oelouche, 1963; Heydecker, 1969, 1972; 
Burrls, 1976). Kany workers hava evaluated the physical (6yrd and 
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Delouohe, 1971t O«louoh« and Cadwell, ISôO; Ihronaberry and Smith, 
1955), phyalological (Burris at a^., 1970) hdj* and Eurria, 1970; 
Oalouoha, 1963) Craba, 196]) Sayadin at al., 1984), and ohamical-
bioohamioal (Abdul-Baki and Andaraon, 1973) Abu-Shakra and Ching, 
1967) Craba, 1964) ohangaa aaaooiatad with aaad datarioration. Tha 
influanoa of aaad datarioration on tha parformanoa of tha aubaaquant 
crop haa long baan of intaraat to aaad aoiantiata. Varioua isathoda 
hava baan davalopad to aaaaaa tha affaot of aaad vigor on crop 
parformanoa. lhaaa mathoda ranga from aaadling amarganca to plant 
uniformity and grain yiald, Pollock and Rooa (1972) propoaad that 
diffarancaa in aaad vigor can b# manifaatad in apaad of garmination, 
uniformity of amarganca, aaadling growth, and crop yiald. 
Funk at a^. (1962) obaarvad that 2, 3, 4, and 5-yaar-old aaada 
wara alowar to aoerg» ami had raducad compatitiva ability than naw 
aaada. Plante obtainad from low vigor aaada wara amallar during the 
aaadling growth ataga and yialdad laaa than thoaa from high vigor 
aaada. Hoffmen (1925) uaad aaad eiza aa an index of vigor. He 
obaarvad that large aeeda and email eeede of eweet com germinated 
about the eame rate but that aeedlinga from large eeede reached 
cttfming aaiwrlty five daye earlier than thoee from small eeede. Glenn 
et al. (1974), working on the same epeciee, observed a positive 
correlation between seed size and two vigor variables, 5 day seedling 
emergence and 26 daye seedling height, Fleming (1966) observed that 
2-year-old com seeds had the same germination percentage as l-year-
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old but yield was significantly less in the 2-year-old seeds. 
Cultivera may differ in the rate at which they deteriorate. 
Glenn et a^. (1S74) proposed that hybrids with an inherent ability to 
emerge rapidly and grow quickly may have a potential yield advantage 
over their slow growing counterpart because of increased light 
interception and higher photoassimilatory activity early in the 
season. 
Burris (1975) reported significant differences in vigor using 
seedling dry weight aa an index but found no difference in field 
emergence in 4 out of 6 com hybrids investigated. In another study 
on com, Burria (1975) reported reductions in plant height, leaf area, 
and dry weight du* to vigor but that with time the differences 
disappeared. Tasseling and silking dates were reduced, while 
increased bareness was observed in plants, resulting from low vigor 
seeds. Navra til and Burris (1964), working on com, observed th$t the 
damage done by high drying temperature me manifested in reduced 
emergence, seedling dry weight and ratio of shoot to root dry weight. 
Ihese effects due to seed vigor were more pronounced in the maternal 
inbreds 57) and H017 than maternal inbred *632. Glenn et al^. (1974), 
working with 25 single cross com hybrids of trying vigor levels 
reported no significant difference in the rate of emergence but early 
plant height was higher in high vigor seeds than low vigor seeds in 
the first year of study, Amongst genotypes, no relationship was found 
between any measure of seed vigor and grain yield in the two years 
29 
studied. 
Many worker* have reported reduotiona in crop performance due to 
reduced vigor level in other crop apeoiea. Oexeman (1942) observed 
that lighter meeds of soybean, cucumber, and tomato had alower growth 
ratea until aix weeks and reduced cross-sectional area of the pith and 
xyleo tiaauea in approximately the same ratio aa the seed weight. A 
significant difference in mortality rate waa exhibited by seedlings 
produced from lighter seeds. Smith and Camper (1970) found that 
aoybean plant* produced from large aeeds were taller and yielded more 
than plants produced from small seeds. Burris et s^. (1970) observed 
that leaf weight and a tern weight from artificially aged soybean seeds 
were not different from unaged ones. Further, the effects of vigor 
were not reflected in yield parameter* (pcds/plant, seed/pods, or seed 
size), kgii and Tekrony (1979) found no effect of seed vigor on yield 
of soybean regardless of cultiver or planting date. 
It appears that the term seed vigor is not clearly understood 
particularly as it relates to crop production. Ihe literature 
indicates insufficient data regarding the relationship between com 
seed vigor and its influence on subsequent crop performance. This is 
evident in most definitions of seed vigor as they do not extend beyond 
stand establishment. This study attempted to determine the crop 
characters through which com seed vigor as produced by well-defined 
treatments is expressed, how long such influence persists and the 
relationship between these characters. The history of the seed lots 
used is known. 
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MATERIALS AND HLIHODS 
Two hybrids, A632 X (H9S X K95) called A6j2 herein and £73 X (H99 
X K95) called E)73 herein were used in this study. The original inbred 
parent linea were obtained from Clyde filaok and Sons, Inc., Ames, 
low. The inbred# were crossed with the single cross hybrid K99 X H95 
as a common pollinator. 
Ears were harvested at approximately 34% seed moisture in 1979, 
1960, 1962, and 37% seed moisture in 1963 and dried in a laboratory 
dryer described by Navratil (1961) to 12% seed moisture at either 33° 
C or 30^ C. The drying temperatures used were to induce differential 
vigor levels between the seed lots used (davratil and Burris, 1964). 
The ears were hand-shelled, the seed was cleaned and treated with 
captan (h-trichloromet*Qflthio-4-cyclohe%ene-l, 2-dioarboxinide) 
(Ceptan 30DD) at the rate of 4.6 ml/kg seed. Seeds were allowed to 
air dry for 24 hours and then stored at 10^ C at 50% relative humidity 
until used. 
Field Experiments 
Field experiments were conducted in two years, 1962 and 1964, at 
the Iowa State University Eruner Farm, seven miles west of Ames, Iowa. 
In both years, 30 seeds were planted per row using a John Deere 7100 
"Max Emerg" planter modified for planting research plots. Rows were 
approximately 6 meters long and 75 cm apart and a plot consisted of 
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four rows, three rows of the aeedlots investigated were planted to a 
row of the common pollinator ri99 X K95> 
The experiments were planted on 10 hay and 15 May in 19@2 and 
19@4, respectively. Conventional production practices were followed 
in both years of study. The experimental design was a completely 
randomised design with four replicates. 
Some of the crop characters proposed to be influenced by seed 
vigor were measured. In 1S64, only 7 out of the 21 characters 
measured in 1962 were measured. Except where specified, measurements 
were made on all planta in each plot. 
Daily seedling emergence was recorded. Seedlings were regarded 
as emerged when the coleoptile was visible above soil level. Seedling 
emergence was recorded daily until no increase vas noted for eight 
successive days. Daily seedling emergence was used to compute 
emergence rate as described by Erbach (1962). 
On 26, 42, and 56 days after sowing, stem diameter was measured 
at 10, and 15 cm above ground level, respectively. Measurement ms 
made with the use of calipers and recorded as stem diameter at 4, à, 
and 6 weeks after planting. On the same dates, plant height ms 
measured, Measurement was taken from ground level to the tip of the 
top leaf and recorded as plant height at 4, 6, and 6 weeks after 
planting. 
On the 25 and 56 days after planting, five plante were randomly 
selected from each of the two border rows. Pseudostems were cut off 
32 
at ground lavai, put in a coin envalopa on 28 days after planting, and 
in oloth bags on 56 days aftar sowing. Shoots war# driad at 80° C for 
120 houra and dry waight waa raoordad. 
Raoorda wara takan of daya whan 50% of tha planta in aaoh row had 
taasalad or sllkad. Tha length and width of mature penultimate and 
ear leaf were measured in the 1982 experiment. The ear leaf ia the 
leaf immediately above the largest ear and the measureotenta were taken 
10 daya aftar 100% silking had been attained. Leaf length waa taken 
from where the aheath attaches to tha stalk to tha tip of the leaf. 
Leaf width wee measured at tha point of maximum width. 
The number of tillers and ears per plant for each plot were 
recorded 21 and 30 daya, raapactlvaly, aftar all tha plants in the 
experiments had tasseled. 
Ears from the two miiddle rows in each plot were harvested on 25 
September and 28 September in 1982 and 1984, respectively. Two ears 
from each plot were weighed and the fresh weight was recorded. The 
two ears were put in nylon bags and dried at 35® C for 120 hours after 
which dry weight waa recorded. Ears were hand shelled and the weight 
of the grain and cob were recorded. This ratio was used in computing 
the shelling percentage of 12$ seed moisture from which final grain 
yield was determined. 
In both years of study, 10 seeds were randomly removed from the 
center of each of five ears per replicate. The 50 seeds were weighed, 
and fresh weight recorded as fresh weight 50 seeds'^. Thereafter, 
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a##da were put in a coin envelope end placed in en oven at 105° C for 
72 hours after which the weight was taken and recorded as dry weight 
50 seeds'^. 
Growth Chamber Studies 
A growth chamber experiment was conducted to reduce the effects 
of years, planting dates and soil conditions. Seed lots produced in 
1962 and 1963 were used in this experiment. Twenty-five seeds from 
each drying treatmnt were randomly chosen and sown at a depth of 3,8 
CO in a 1*1*2 sand*soiItpeat mixture contained in a plastic pot (2# cm 
diameter, 25 cm high). 
The pots containing the seeds were put in a "Perciwl" growth 
chamber on 17 My 1964* The temperature of the growth chamber was 
maintained at 20+ I® C day/15® 1® C night and relative humidity of 
50$ day/60% night for 42 days. Light was provided by cool white 
fluorescent and incandescent tubes providing a photoeynthetic photon 
flu* density (PPID) of 600 UEH^ S at the top of tne plant for 16 
hours per day. After 42 days, the temperature of the growth cumber 
was maintained at 25® C 1® C day/20® +, I® C night at the saae 
photoperiod, relative humidity and PPFD until termination of the 
experiment at 10 weeks. The pots were watered as needed. 
Daily seed emergence was recorded until no further increase was 
noted for eight successive days. Caily emergence was used to compute 
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emergence rate as described earlier (irbach, 1962). On 28, 42, 56, 
and 70 days after sowing, plant height and stem diameter were measured 
as described earlier in the field planting. 
Shoot dry matter determination was as described earlier in the 
field experiment except that 10 plants from each pot were randomly 
chosen for shoot dry matter determination on the first date and five 
plants on all other subsequent dates. 
At the 2nd dry matter harvest, plants for dry matter 
determination were removed from each pot, a compound fertilizer, 
14tl4sl4f "Osmocote"* (8.2% anoonical nitrogen, 5.6* 
nitrate nitrogen), was applied to the soil in each pot at the rate of 
1 Xg. 
The experimental design MIS a completely randomized block design 
with four replicates. The experiment was repeated in October -
December 1964. 
Laboratory Studies 
Laboratory determinations were made on several characteristics of 
the seed samples to estimate vigor. Two laboratory tests, the «arm 
germination and sterile cold tests, were conducted on all the seed 
lots used in this study to assess the effect of drying on germination 
and vigor of the seed lots. The two tests were repeated once. 
The warm germination test was conducted on four replicates of 25 
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M«d8 from «aoh of the drying treatments sown on two paper towels 
premoiatened with approximately mla of water/towel. Seeds were 
sown on 10 September 1S62 and 26 October 1964» six cm from the upper 
edge of the top paper towel. Seeda were aligned with the embryo 
facing upward and radicle pointing downwards, k third premoistened 
towel waa put over the seeda and the three towela were loosely rolled. 
The rolled towel* were placed in an upright position in a plaatic 
bucket, ae described by Burris and ^ ehr (1971). buoketa were placed 
in a room at 25^ C for 7 daya after which seedlings were evaluated as 
in the normal germination test described by AOSA (1976). The remains 
of the cotyledons and endoaperm of normal seedlings were removed and 
discarded, all shoots from a replicate were put together and dried at 
60^ C for 24 hours after which their weights were recorded as shoot 
dry weight and used for seedling dry weight calculations. The same 
procedure was used for root dry weight determination. The r^tio of 
shoot to root dry weight was calculated. 
The sterile cold test procedure was similar to that of the mvm-
germination test except that 50 seeds were planted from each of the 
drying treatments. Seeda wre sown on two rows six cm apart on 
premoistened paper towels that had been chilled at 10^ C on a cold 
table. Planting was done on the sane day as the warm germination 
test. Rolled towels containing seeds were kept in buckets as 
described by Burris and ?ehr (IS71). Buckets were kept in a cold rooc 
at 10® C for 7 days in the dark before a grow out period of 7 days at 
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25° C. Thereafter, the test was evaluated aooordlng to the rules of 
AOSA (1970). 
A combined analysis of variance was conducted on data collected 
in each year of study, laboratory test result, and growth chamber 
studies. Means were compared with an F-test and linear correlations 
made among field, laboratory, and growth chamber characters. 
Significance of the F-test and correlation coefficients are indicated 
by », for the 0.09 and 0.01 levels of significance, respectively. 
Clinatological data for the 1962 and 1964 growing seasons were 
obtained from the Iowa State University Experimental Farm. Daily 
maximum and minimum temperature readings and 6iily precipitation were 
obtained to calculate monthly averages. 
Growing degree units as described by Shaw (197?) *«6 used to 
calculate constant index for varying weather conditions over years in 
the field experiments. 
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RESULTS AMD DISCUSSIONS 
Th# physiological rasponaa of the seed lots to the two drying 
temperaturea aa determined by laboratory tests are shown in Table 1. 
The viability of both hybrids *ma reduced by high drying 
temperature. B73 exhibited consistently lower viability than A632 at 
all drying temperatures. The viability of A632 was significantly 
higher (P < *01} them B73 at the high drying temperature. Sterile 
cold test valuea were slightly lower than the warm germination. Some 
decline in aterile cold teat values waa observed in both hybrids at 
the high drying temperature, while S73 exhibited a significantly lower 
(P < 0.1) aterile cold test value than A632. Seedling dry weight in 
both bride waa reduced in seeds dried at 50^ C. A significantly 
higher (F < .01) seedling dry weight ima observed in Ab32 than B73 at 
the high drying temperature. The ratio of seedling shoot to root dry 
weight waa similar for both t^brids at all drying temperatures. 
The drying temperature used in this study was appropriate in 
providing differential vigor differences between the seed lots* 
Burris and Wavratil 1§62 reported that the maternal inbred Ad32 m&s 
more tolerant to high drying temperature than the maternal inbred E73. 
The combination of laboratory tests into a vigor rating has been 
reported to relate better to field performance under stress than any 
one single quality test (Eurris, 1975; A0SA, 1962)* In this study, we 
therefore classify the seed lots of the two hybrids dried at 35° C as 
high vigor and seeds dried at 50® C as low vigor* 
l^ble 1. Viability and vigor levels of the seed lots 
Character Hybrid and Drying Temperature Sources of Variation® 
A652 B73 H T H X T 
35®C 50®C 35®C 50®C 
Warm germinaticm (%) 99.6 92.4 95.2 66.6 * «* kS 
Cold test (Jl) 94.8 82.6 92.2 81.0 KS *•* US 
Seedling dry weight (mg/seedling) 65.0 80.0 76.0 70.0 «* ** kS 
Ratio of shoot to root dry weight 1.96 1.96 1.68 1.98 KS KS Its 
®H * hybrid, T = drying temperature. 
«P < 0.05. 
**]? < 0.01. 
NS B not significant. 
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Combined analysis of data collcoted in 1S@2 yielded no 
significant difference in the year of seed production for all 
oharaotera measured except for fresh weight/50 seeds (see Table Al). 
Field emergence, (Table 2) varied across years. A higher 
emergence was recorded in 1984 than 1982. Emergence rate was also 
higher in 1984 than 1982. field oonditiens were colder during 
emergence in 1982 than 1984 (Table 3b). Average temperature for the 
first 30 days after planting ia shown in Table 3b. Seeds planted in 
1982 were relatively older (2-3 years old) than those (1-2 years old) 
planted in 1984. In both years, the high drying temperature reduced 
emergence and emergence rate in both hybrids. A6)2 exhibited a highly 
significantly better (P < 0.01) emergence and emergence rate than 673 
at the high drying temperature. The hybrid % temperature interaction 
was significant for both oharaotera at the 0.01 level in 1584 but not 
in 1982. High viability and rapid emergence are traits influenced by 
seed vigor. Similar results have been observed in com (Eurris 1975), 
tomatoes (Oexeman 1942), barley (Kaufman and Guitard 1967) and in 
soybean (Edje and Eurris 1971; Johnson and Wax 1978). 
Table 4 shows the effect of drying on plant height over time. 
Height decreased in plants raised from seeds of both hybrids dried at 
50® C. There was a significant (0.05 level) increase in the height of 
673 plants compared to those of A632 at the first sampling date when 
seeds dried at 35® C are compared with those dried at 50® C. Hybrids 
differed sigaificantly in plant height at the second sampling date 
lable 2. £ff«ots of seed vigor on «margsnoo and eaerfienoe rate in the 1982 
and 1984 fiold studios 
Character Hybrid and Drying Temperatura Sources of Variation^ 
A6^ hTi H T H * T 
lamargenoa {%) 
lawrganoe rate i%) 
tmergenoe {.%) 
Rmerganoe rate {*) 
H » hybrid, T « drying temperature. 
«P < 0.05. 
*«P < 0.01. 
MS « not significant. 
55®C 50®C 55®C 
1962 
92.8 67.6 88.6 
5.0 3.9 4.7 
1984 
95.9 60.8 93.2 
11.4 6.1 10.6 
sd*c 
59.4 * ** ms 
3.3 KS ** le 
59.7 *• ** * 
5.0 * * ** 
l^ble 3a. Clioatological coapariaoo of the 1962 and 1964 growing aeasons 
Tamper» ture ®C ——-—— 
Avasage Average 
Month Maximum HiniMua Précipitation (CM) 
1962 1964 1962 1964 1982 1964 
Hay 16.8 20.6 11.9 8.6 5.2 12.7 
June 24.4 27.6 12.2 16.4 6.6 16.8 
July 29.3 28.8 17.5 16.4 15.8 8.7 
August 27.1 30.2 16.0 16.2 8.9 0.8 
September 22.9 24.5 11.6 11.2 4.8 4.1 
Tabid 3b. Air ta#peraWra for first )0 days after planting in 
the 1982 and 1984 growing seasons 
Tempera tare ®C and «bys after planting 
Xear 7 days 15 days 30 days 
Maximum Minimum Maximum Minimum Maximum Minimum 
1962 23.3 14.8 22.0 13.4 19.6 11.6 
1984 19.9 12.8 20.0 11.2 23.2 13.1 
Table A» Plant height as affected by seed vigor in the 1962 field studies 
Character Hybrid and Drying Température Sources of Variation^ 
A6d2 fc73 H T H * Î 
35®C 5d^c 35®C 50PC 
Plant Height at 4 weeks (cm) 22.3 20.1 18.7 16.6 *« * KS 
Plant Height at 6 weeks (cm) 69.5 67.4 59.6 54.4 *•  ms Its 
Plant Height at 8 weeks (cm) 150.0 149.7 138.3 131.6 KS as NS 
= hybrid, T « drying temperature. 
* P < 0,05. 
** P < 0.01. 
WS « not significant. 
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with th« A632 seeds dried at 50° C producing significantly taller (P < 
0.01) plants than B73 seeds at this date. However, at the third 
sampling date, the differences in height had disappeared. Differences 
in plant height due to seed vigor were reported in oom by (Hewston 
1964, Glenn el_. 1974 and Burris 1975) but by plant maturity the 
differences had disappeared. 
The responses of stem diaiMter to high drying temperature (Table 
5) were aimilar in both hybrids. Stem diameter decreased with high 
drying temperature at the first two sampling dates. A632 plants had 
wider stems at these dates but only at the first date was the 
difference significant* At the third sampling date 673 plants 
resulting from seeds dried at 50° C tod caught up snd even produced 
plants with wider stems than those dried at 35° C. Thus, plant 
diameter is one of the characters influenced by seed vigor. With 
plant age, however, the influence due to seed vigor diminished. 
Similarly, (Oexenan 1942) reported reduced cross-sectional area of the 
pith and :i^lem tissues of tomatoes in about the same ratio as the seed 
weight. 
Shoot dry weight of both hybrids were reduced by high drying 
temperature (Table 6). A632 exhibited consistently higher shoot dry 
matter than b73 at all drying temperatures, however, the difference 
was significant (P < 0.05) only at the first sampling date. The 
differences observed correlated well with seed vigor. The differences 
in dry matter due to seed vigor decreased with increased plant age. 
%bl@ 5. Stem diameter as affected by seed vigor in the 1982 field studies 
Character Hybrid and Drying Temperature Sources of Variation^ 
A632 873 H T H X T 
35*C 50*C 35®C 50®C 
Stem diameter. A weeks (cm) 0.64 0.57 0.56 0.51 ** ** Its 
Stem diameter, 6 weeks (cm) 1.40 1.37 1.32 1.24 KS NS MS 
Stem diameter. 8 weeks (cm) 2.54 2.57 2.62 2.83 • # KS 
®H = hybrid, T « drying temperature. 
*B < 0.05. 
«# P < 0.01. 
MS s not si^ifioant. 
ïable 6. IXfeots of sood vigor on shoot dry matter in the 1982 field studies 
Character Hybrid and Drying Temperature Sources of Variation" 
A632 573 H t H » t 
35®C 50®C 35®C 5Ù*C 
Shoot dry matter, 4 weeks g*/plant 0.74 0.68 0.57 0.47 ** * NS 
Shoot dry matter, fi weeks gm/plant 4.6 4.6 3.9 4.0 &S kS MS 
H « hybrid, 1 = drying temperature. 
« P < 0.05. 
«* P < 0.01. 
US » not significant. 
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Reductions in dry matter due to reduced seed vigor was observed in 
early vegetative plants of com (hurris, 1975)» in up to 4-montha-old 
created wheat grass plant (Rogler 1954) and in up to 5-mcnths-old 
plants of subterranean olover (Black, 1957). 
Light interception by a canopy of leaves is strongly influenced 
by leaf size, shape, angle and azimuthal orientation, vertical 
separation and horizontal arrangement and by absorption by non-leaf 
atruoture (Yoshida, 1972). In com, the top leaves (flag leaf and 
penultimate) and the leaf above the ear (referred to as ear leaf in 
this study) contribute much to grain filling (Loomis, 19i5i Hoyt and 
Bradfield, 1962; îaatin, 1969). 
Penultimate end ear leaf length (table 7) increased in seeds dried 
at 50^ C but the differences between hybrids were not significant. 
673 had significantly wider (P < .01) ear leaf than A632 at both 
drying temperatures. In both ii^brids, seed dried at 50*^ C exhibited 
higher penultimate leaf area than those dried at 35^ C. A632 produced 
significantly longer penultimate leaves at @11 drying temperatures and 
the temperature effect me significant at the 0.01 level. 
tiller production is discouraged in com production because the 
tiller ears provide a stronger sink for the lower leaves of the main 
stem than the ear of the main culm (Haweon and Hofetra, 1569), Both 
hybrids exhibited an increase in the average tiller number produced 
per plant at the high drying temperature but these differences were 
not significant. An increase in tiller production by the two hybrids 
ïbble 7. Effects of cteod vi^gor on oar and penultimate leaf area and tiller production in 
the 1982 field studies 
Character Hybrid and Drying Temperature Sources of Variation^ 
A612 b73 H T H * T 
35®C 5d*c 35®C 50*C 
t&r leaf length (cm) 83.3 84.6 84.7 63.5 US ms US 
kar leaf width (en) 9.6 10.1 10.3 10.6 ** KS US 
Penultimate leaf length (cm) 45.8 50.3 44.6 46.6 kS ** US 
Penultimate leaf width (cm) 6.3 6.6 6.7 7.5 •» ** US 
Mo of tiller/plant 0.37 0.43 0.14 0.20 lis kS US 
« hybrid* T » drying tanperature. 
* B < 0.05. 
*« P < O.Ol, 
MS s not si^ifieant. 
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at the high drying temperature may be a compensatory measure induced 
by reduced plant population due to seed vigor. 
Day# from planting to 50% tamseling and to 50% silking are shown 
in Table 6. Reproductive stage was attained slightly earlier in 1964 
than 1962. Tamseling end silking were delayed in both hybrids by high 
drying temperature. Averaged across years A632 reached the 
reproductive stage earlier than 573 at the high drying temperature. 
In 1962» A632 exhibited about 1.4 day delay in tasseling at the high 
drying temperature compared with the 0.2 day delay shown by B73. On 
the other hand, in 1964 A632 showed a delay of about 0.2 days and 573 
about a 0.6 day delay. These differences were not significant in both 
years. There ws a significant delay in the silking date of B73 at 
the high drying temperature in 1964» but not in 1962. Shaw and Thorn 
(1951) observed that severe moisture stress had more effect on the 
silking date than on the tasseling date. The difference in years 
could be due to varying weather conditions in the 2 years of study. 
Both varieties required an average of 1217.75 heat unite to attain 
tasseling in 1962 whereas in 1984 1396.63 heat units were required. 
Table 3 shows the climatological data of the two years of study. 
The earlier part (Hay-June) of the 1984 growing season received about 
normal precipitation but severe moisture deficiencies occurred before 
pollination (July-September). In contrast, the month of July and 
subsequent month» received adequate moisture in 1S82. Kaize is very 
sensitive to water stress at silking (Denmead and Shax I960). 
Ihble 6. Tasseliag and silking <bte8 as affected by seed vigor in the 1982 and 1964 field 
studies 
Character Hybrid and Drying Temperature Sources of Variation® 
A632 673 H T H X T 
35®C 50®C 35°C 5(fC 
1982 
Tasseling date (days) 69.0 70.4 72.2 72.4 ** MS MS 
Silking data (days) 74.7 75.2 72.4 75.8 * MS ttS 
1964 
lasseling date (days) 69.3 69.5 69.4 70.0 «* MS NS 
Silking date (days) 73.3 73.7 72.1 73.5 •* * &S 
®H « hybrid, T » drying temperatura. 
« P < 0.05. 
*« P < 0.01. 
WS = not significant. 
51 
However, Terrier (1958) working on soybean, Hoffman (1925) end burris 
(1975) working on com reported delay* in maturity date in low vigor 
aeeds. 
Average car (Table 9) production per plant in A632 increased 
alightly at the high drying temperature. In contraat, 573 plants 
deoreaaed ear production because of the effects of high drying 
temperature although the differences were not significant. Grubbels 
(1975) working on sweet corn reported that the initial difference due 
to seed vigor was not expressed in ear number. Burris (1975) reported 
increased barrenness due to seed vigor. The responses observed in 
this study say also be ascribed to the unequal population dtw to seed 
vigor. 
Fresh weight and dry weight of harvested seeds end grain yield 
varied across years, with 1962 recording significantly higher (P < 
0.01) fresh and dry seed weights and grain yield than 1984. 
Pollination and seed filling periods in 1964 were affected by a severe 
(brought (Table 3). It is not surprising tmt higher seed fresh 
weight, dry weight and yield were recorded in 1982 than 1S84. 
The two hybrids increased fresh weight and dry weight at the high 
drying temperature. In both years A632 had a higher seed weight than 
573 but only in 1982 were the differences significant (P < 0.05). Tne 
year of seed production was significantly different in the 1984 field 
study. 
There were little differences In yield between hybrids at the 
ïable 9* Yield indices es effected by seed vigor in the 15(82 and 1^ field studies 
Character Hybrid and Drying Temperature Sources of Variation® 
A632 B73 H 1 H X t Ï 
)5*C 50*C 35®C 50*C 
1962 
No of ear/plant 1.21 1.38 1.47 1.43 KS MS MS MS 
Iresh weight/50 seeds (gm) 16.0 17.8 17.3 18.6 • MS MS MS 
Dry weight/50 seeds (gn) 12.1 12.8 12.3 12.3 • MS MS MS 
Yield (tons/hectare) 12.1 11.9 12.0 11.6 NS US MS MS 
1964 
i-resh weight/50 seeds (got) 12.2 12.6 12.5 13.2 US MS MS »* 
Dry weight/50 seeds (gm) 10.1 10.5 10.4 10.5 US MS MS MS 
Yield (tons/hectare) 9.2 9.1 9.3 9.0 US MS US HS 
®H = liybrid, T « drying temperature, Y « year of production. 
* P < 0.05. 
«# P < 0.01. 
J*iS = not significant. 
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the high drying temper#ture. These differences were too small to be 
significant. The result reported here agrees with many workers (Edje 
and Burria, 1971; Glenn et 1974i hgli and Tekrony, 1979)• who 
reported no significant association between seed vigor and yield. The 
insignificant effect of seed vigor on yield observed here may be 
attributed to the compensatory mechanisms of plants resulting from 
seeds dried at 50® C. Abdalla and Roberts (1969) proposée that 
provided the effect of seed vigor did not reduce seed viability less 
than 302, the final grain yield was not significantly affected. 
Viability of seed lota used in this study ranged from E6.6% to 99*6%. 
Growth Chamber Studies 
The results of the vigor tests conducted on the seed lota planted 
in the growth chamber are shown in table 10. Viability was high in 
all seed lots ranging from 89% to 1C0%. High drying temperature 
reduced the viability of seeds of both hybrids with 573 exhibiting 
significantly more reduction than A632, Similarly, cold test values 
decreased in seeds of both hybrids dried at 50® C. 573 exhibited 
significantly higher cold test value than A632 when comparing seed 
lots of each hybrid dried at 35° C to that dried at 50° C. A632 
seedlings consistently had higher dry weight than E73 at all drying 
temperatures but the temperature effect «as not significant. The 
ratio of shoot to root dry weight was similar in both hybrids. 
labia 10. Viability and vigor levels of seed lots produced in 1962 and 1983 
Hybrid and drying temperature Sources of 
Variation* 
A632 573 
35*C 50®C 35®C 50®C H •r H X t 
Warm germination ()k) 100.00 90.00 96.00 69.00 MS * MS 
Cold test (*,) 100.00 65.00 98.00 65.00 Its ** IkS 
Seedling dry weight 92.50 90.00 64.00 60.00 ** MS kS 
(mg/seedling) 
Ratio of shoot to root 2.00 1.68 2.13 1.69 kS US kS 
dry weight 
H « hybrid, T « temperature. 
« P < 0.05. 
*« P < 0.01. 
hS ® not significant. 
liable 11. The effect of seed vigor on vegetative gprowth of com plants in the growth chamber 
Character Hybrid and Dicing Temperature Sources of variation® 
A632 673 H T H X T 
35®C 50*C 35®C 5Û®C 
Emergence {%) 99.0 63.6 98.6 93.1 »• *# ** 
hnergence rate (*) 15.6 12.4 15.2 9.7 * *» 
Plant height, 4 weeks (on) 56.0 54.1 50.1 44.6 *« * NS 
Plant height, 6 weeks (cm) 66.5 69.2 76.1 72.6 *• KS * 
Plant height, 6 weeks (cm) 109.2 100.6 100.5 96.3 NS NS NS 
Plant heii^t, 10 weeks (cm) 158.2 157.4 144.9 141.1 ** KS NS 
Stem diameter, 4 weeks (cm) 2.34 2.29 2.25 1.64 •« *» *4 
Stem diameter, 6 weeks (cm) 3.43 3.66 3.16 3.01 ** Its NS 
Stem diameter, 6 weeks (cm) 3.76 3.94 4.00 4.06 Its KS NS 
Stem diameter, 10 weeks (cm) 4.56 4.67 4.76 4.75 ttS KS US 
Shoot dry matter, 4 weeks (gm/plant) 0.33 0.31 0.26 0.22 ** MS NS 
Shoot dry matter, 6 weeks (gm/plant) 0.96 0.96 0.60 0.55 ** »» »» 
Shoot dry matter, 6 weeks (gm/plant) 2.17 2.62 1.66 1.76 ** kS KS 
Shoot dry matter, 10 weeks (gm/plant) 5.03 5.41 4.29 4.43 MS NS KS 
H « hybrid, T « temperature. 
« P < 0.05. 
«« P < 0.01. 
NS = not significant. 
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Table 11 shows the performance of the seed lots produced in 1962 
and 1963 in the growth chamber. High drying temperature decreased 
emergence in the two hybride. B73 seeds dried at 50^ C exhibited a 
significantly higher (P < 0.01} emergence than A632. This is in 
contrast to the result obtained in the field study. The hybrid X 
temperature interaction waa significant at the 0.01 level. Emergence 
rate in both hybrids was reduced by high drying temperature. A632 
seedlings emerged faster than b73 at all drying temperatures 
(significant at the 0.01 level). 
Seeds of both hybrids dried at 50^ C produced shorter plants t*»n 
those dried at 33^ C at all sampling dates. At 4 weeks, plant height 
in seeds dried at 50° C was significantly reduced (P < 0.03) in 573 
compared to A632 and the hybrid X temperature interaction was 
significant at the 0,01 level. At 6 weeks, and subsequent sampling 
dates the differences in plant height due to high drying temperature 
were not significant. 
Stem diameter of both hybrids at 4 weeks was reduced by high 
drying temperature. A632 exhibited significantly wider stems than 573 
at tto high drying temperature. At all other subsequent sampling 
dates, the differences in stem width were not significantly different. 
The two hybrids differed in shoot dry matter content. At the 
first three sampling dates, A632 produced significantly more dry 
matter than E73 at the high drying temperature. The differences due 
to seed vigor were significant only at 6 weeks. At this date, the 
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hybrid X temperature effect was also significant, at the 0.01 level. 
In general, the results obtained in the growth chamber studies 
were aimllar to those observed in the field. Early vegetative growth, 
was influenced by seed vigor but aa the age of the plant increased, 
the influence of seed vigor diminished. 
Table 12 shows the correlation coefficients among characters 
influenced by seed vigor. Significant and positive correlations exist 
between some of the oheractera influenced by seed vigor* 
In the 1962 field studies, emergence MIS positively correlated 
with emergence rate, r * .60 and .83 for A632 and B73 respectively. 
Plant height of A632 at 4 weeks was positively correlated with plant 
height at 6 weeks, 6 weeks, stem diameter and shoot dry matter at 4 
weeks, N • .7), .60, .79 end .72 respectively. Similarly plant height 
of 673 at 4 weeks was positively correlated with plant height at 6 
weeks and 6 weeks, stem diameter at 4 and 6 weeks, r • .67, .65, .67 
and .51 respectively. 
In the 1964 field studies, emergence of A632 was positively 
correlated with emergence rate, tW warm germination, cold sterile 
test and seedling dry weight, r = .92, .69. .74 and .71 respectively. 
Similarly emergence and emergence rate of 573 was positively 
correlated with the cold test, r = .95 and .92 respectively. 
Negative correlations exist between emergence of &632 and fresh 
weight, 50 seeds-l, dry weight, 50 geeds-l and penultimate leaf length 
r = -.60, -.53 and -.63 respectively in 1962. Similarly seedling dry 
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weight was negatively correlated with the number of ears/plant, r • 
-.62. Emergence of 673 was negatively correlated with number of 
tiller# per plant r > -.74. 
In the growth chamber studies, emergence was positively 
oorrelsted with emergence rate, r > .57 and .67 for A632 end B73 
respectively. Plant height at 4 weeks was positively correlated with 
plant height at 6 weeks, r • .36 and .56 respectively. 
In general high positive correlations were found to exist among 
crop characters influenced by seed vigor at the early stages of 
growth. ïtowever, these correlation values decreased as the plant 
aged. 
In the growth chamber, emergence rate was positively correlated 
to emergence, plant height and stem diameter at 4 weeks, shoot dry 
matter at b weeks, with r values decreasing as the plant aged. 
Emergence and emergence rate was positively correlated with seedling 
dry weight and the warm germination. 
For further clarification of the effect of seed vigor on early 
plant characters, plant height and stem diameter were regressed on 
days from planting to the last sampling dates 156 days in the field 
studies and 70 days in the growth chamber studies). The regression 
equations obtained are shown in Tables B1 and iZ ,  There were no 
significant differences between the slopes of the regressions 
exhibited by seeds dried at 35® C and 50° C for the two characters in 
2 both hybrids. Coefficient of determination of regression, r ranged 
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from .93 to .99 for the field studies. In the growth chamber studies, 
r2 ranged between .26 to .92 with stem diameter exhibiting the low r2 
values ranging from .26 to .46* 
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CONCLUSIONS 
S««d vigor i# «xprcased in initial vegetative growth. Emergence, 
emergence rate, early plant height, atern diameter and ahoot dry matter 
are oharaotera influenced by aeed vigor. However, aa the corn crop 
matured, the influence of aeed vigor dioiniahed* In thia atudy, aeed 
vigor had no influence on grain yield. Poaitive and negative 
aaaociationa were found to exiat between the oharaotera influenced by 
aeed vigor. 
Seed vigor ia affected by many factora among which are genetic 
factora, many environmental faotora during seed production, the 
interaction between the environmntal factora and the genetic X 
environmental interaction. The reault obtained in this study should 
be used with caution because only two com hybrids were used. The 
resultant unequal population due to seed vigor may have a significant 
effect on the performance of the hybrids, further work is needed 
using more diverse germ plasm and comparing unequal and uniform 
populations in order to distinguish the effect of seed vigor from tmt 
of plant population. This should clarify the controversy on which 
method is best adapted to vigor studies. 
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PAA7 11. EFFECTS Of S&ED VIGOR 0& CROP CHARACIERS 
IN UNIFORM AM) REDUCED POPULATIONS Of CORK 
(Z£A MAYS L.) 
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A£STRACÎ 
The relationship between seed com vigor and looe crop oharaotera 
in uniform and reduced plant populations has not been determined. 
This atudy, waa deaigned to define the crop oharaotera through which 
seed vigor ia expreaaed in reduced and uniform population and to 
clarify which experimental technique ahould be used in aeed vigor 
atudiea. Seeds of two hybrida A632 X (H99 X H99) and B73 X (HSS X 
K9S) were dried at two tempereturea, 35^ C end 30° C and planted near 
Ama, IONS in 1SB3. The two drying tempe re turea uaed created 
differential vigor levela between the aeed lota. There were 21 crop 
characters meaaured in two populations, reduced population due to aeed 
vigor and uniform population (thining to stand). 
Eowrgence, early plant height at 4 and 6 weeks after eowing, stem 
diameter in 4, 6, and 6 week old plants* days from sowing to 50^ 
tasseling and to 50% silking, penultimate and ear leaf width were 
influenced by seed vigor. The effect of seed vigor on plant and stem 
diameter diminished as the plant matured. Seed vigor had no influence 
oo emergence rate, shoot dry matter at 4 and 6 weeks after sowing, 
plant height at 6 weeks, number of ears and tillers produced per 
plant, penultimate and ear leaf length, fresh, dry weight and grain 
yield of harvested seeds. Increased early plant height (up till 6 
weeks old), small stem diawter, low shoot dry matter content, delay 
in days from sowing to 50% tasseling and to 50% silking, narrow 
penultimate and ear leaf width, and reductions In the number of ears 
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produced per plant were observed in uniform population. These 
differences in population density due to seed vigor did not have a 
significant effect on grain yield as plants in reduced population were 
able to compensate completely for missing stands. 
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INÏRObUCTiON 
Seed vigor is s desirsble trsit in com production, the 
uncertainty in soil conditions at planting time demands that high 
quality com seeds be planted. Declines in seed quality have been 
ascribed to inheritance and or to environmental factors during 
production or to deterioration (Burris, 1977* Celouohe» ISSOt 
Heydecker, 1972). Many workers have evaluated tte physical (Byrd and 
Delouche, 1971i Celouohe and Cadwell, 19601 Ihroneberry and Smith, 
1935), physiological (Burria et al., 1969; Edje and Burris, 1970; 
Celouohe, 1963; Crabe, 1963), end the chemical-biochemical (Abdul-Bakl 
and Anderson, 1973; Anderson, 1970; Grebe, 1964) changes associated 
with seed deterioration, the consequences of seed deterioration 
include reduotlm in stand establishment, retarded growth and low 
yield. The most drastic consequence of seed deterioration Is loss of 
germination (Celouohe. 1969). 
Many workers have evaluated the effect of seed vigor on the 
performance of the subsequent crop. However, the relationship between 
seed vij^r and crop characters Influenced by seed vigor has not been 
clearly determined. Evidences of a positive association of seed vigor 
with early plant growth have been reported in com (Glenn , 
1974; Burris, 1575), soybean (Oexeman, 1942; Egll and lekrony, 1975), 
barley (Kaufman and Cultard, 1567), subterranean clover (Black, 1557), 
bromegrass (Trupp and Carlson, 1971). In contrast, some workers have 
reported Increased grain yield due to seed vigor in barley (Kaufman 
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and MoFadden, I960; Parry and Harrison, 1977), com (Funk at al», 
1962; Fleming, 1966; Burria, 1975, Karriaon at al., 1965), mung baan 
(Rodrigo, 1939), and fiald baana (Viaria, 1966). 
Egli and Takrony (1979) hava auggaatad that variability in tha 
raaulta obtained in wad vigor atudiaa could ba dua to axparisantal 
tachniquaa, anvironmantal interaction, and variability of the vigor of 
tha seed lota uaed. Stand eatabliahmant aa influenced by emergence 
rata and vigor of aeed ia one of tha moat critical faotora effecting 
maximum yielda in cereala (Ching at al^., 1977). 
Pollock and Rooa (1972) have proposed that meaauring crop yield 
aa affected by aeed vigor can be complicated becauaa seed and seedling 
vigor can produce major differences in stand danalty and that these 
differences themselves can produce yield difference. Donald (1S66) 
observed that higher yield in cats was more dependent on the number of 
individual plante roaiatant to crowding rather than on the 
aggressiveness of each plant. Pollock and Rooa (1972) considered 
competitive interaction between plants as one of the major crop 
performance aspects effected by seed vigor. 
Abdalla and Roberts (1969) working on barley, broad beans and 
peas reported that under normal growing conditions, the seed viability 
ia a good indicator of the growth potential of the surviving plants 
irrespective of the combination of factors leading to lose of 
viability or the rate at which viability is lost. Abdalla and Roberts 
(1969) proposed that early inhibition of growth rate may be 
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compensat«d at later stages of plant development and that provided the 
initial seed viability was not less than 50%, final yields were not 
significantly affected. Perry (I960) evaluated the effect of 
deteriorated barley seed on field performance in different types of 
field soil conditions. He observed that low populations brought about 
by the interaction of low vigor seeds and an adverse seedbed 
environment were associated with lower yield. Surviving plants were 
not able to compensate completely for the missing plants. However, 
plants at low populations emerging from low vigor seeds produced more 
ears, acre grains at higher populations. 
Humain and Koehler (1940), working on com seeds, reported that 
3-year-old seeds had 4*8% lower yield than 1-year-old when both lots 
had equal stand number. However, when reduced stands were considered, 
yield reduction increased to 7.8*. Yield reduction due to the 
planting ot 7-year-old seeds were 10.1% and 37% for equal and reduced 
stand, respectively. 
Byrd (1970), working on six vigor levels of soybean seeds, 
observed that low vigor seeds emerged more slowly but that when stands 
were equal no differences in yield was observed. Sdje and Burris 
(1971) observed that low vigor seeds of soybean ted decreased 
emergence and poor stand establishment compared to a medium vigor seed 
lot but, that once stand was established, no significant difference 
was observed between high, medium and low vigor seeds. They concluded 
that once a satisfactory stand was obtained, yield was not affected by 
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s««dling vigor in soybean. However, when weed competition, 
unfavorable conditions and population stress occurred, high quality 
seeds might have en advantage in obtaining maximum yield. Egli and 
Tekrony (1979) evaluated the relationship between seed vigor and yield 
in three varieties of soybean using high and low seeding rates. No 
significant difference in seedling emergence or final yield were 
observed regardless of planting date. They concluded that in the 
absence of stand difference there was no advantage derived in the use 
of high vigor seeds. 
The literature indie#tes no consensus regarding the relationship 
between com seed vigor and crop performance. This is probably due to 
non-uniformity in techniques used in vigor studies. Pollock and Roos 
(1972) have proposed that in investigations relating seed vigor to 
crop performance, the effect of stand density may be separated from 
that of individual plants by green house planting and vigor 
classification. In contrast, Egli and Tekrony (1979) have pointed out 
that overplanting an4 thinning to ensure uniform population couli 
result in biases if the method of thinning removed the weak plants 
from the low vigor treatments. 
The objectives of our experiments were to determine the crop 
characters through which com seed vigor is expressed in both uniform 
population and in reduced population due to seed vigor and to 
determine how long such influences persist. The results obtained 
should clarify the relationship between com seed vigor and crop 
performance in both the presence and absence of stand differences. 
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MAIERIAIS AND METHODS 
Seed* of two corn hybrids• A632 X (K99 X H95) called A632 herein 
and 873 X (K99 X H95) called S73 herein, produced in 1979 and 1982, 
were used in this study. The source and preparation of planting 
materials were as described previously in Akintorin-Adegbuyi and 
Burris (1985). Eara were harveated at 34% seed moisture and dried at 
35® C and 50® C. 
Field Experiments 
The field experiment was conducted in 1983 at the low State 
University Gruner farm, seven miles west of Ames, Iowa, Thirty seeds 
of the seed lot produced in 1979 were planted in rows 6 m long and 75 
cm apart. A plot consisted of four rows. Three rows of seeds were 
planted to the common pollinator K99 X H95. 
Sixty seeds of the seed lot produced in 1982 were planted in a 
row. The same row length and spacing were as used above. A separate 
field for dry matter determination was planted with 60 seeds per row 
and a plot consisted of four rows. 
The experimental design was a completely randomized design with 
eight and four replicates for fields planted with seed lots produced 
in 1979 and 1962, respectively. The field for shoot dry matter was 
replicated three times. The experiments were planted on 15 toy, with 
the use of a John Deere 7100 "kax Eicerg" planter modified for planting 
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r«a«oroh plots. 
On 12 July, plants in the fields containing the seed lot produced 
in 1982 were thinned to a uniform population of 30 plants per row. 
Thinning was done by random uprooting a plant every 30.5 om in the 
row. 
On 28» 42, and 56 days after sowing, pseudostem diameter was 
measured at 5» 10, and 15 om above ground level, respectively. 
Measurement was made with the use of calipers and recorded as stem 
diameter at 4» 6, and 6 weeka after sowing. On the same dates, plant 
height was measured. Measurement was taken from ground level to the 
tip of the top leaf and recorded as plant height at 4, 6, and S weeks 
after sowing. 
The same conventional production practices were followed in all 
plote. Twenty-one field characters proposed to be influenced by seed 
vigor were measured. Except where specified, all measurements were 
made on 10 plants per row. Daily seedling emergence was recorded 
until no further increase was noted for eight successive days. A 
seedling was regarded as emerged when the coleoptile was visible above 
the soil. Daily seedling emergence me used to compute emergence rate 
as described by Erbach (1962). 
On the 26 and 56 days after sowing, five plants were randomly 
selected from each of the two side rows of the plots planted with 
seeds produced in 1S79 for dry matter determination, len plants were 
randomly selected in each row from the field planted with seed lots 
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produced in 1S62 for dry matter determination. Pseudosterns were cut 
off at ground level, put in a coin envelope on 28 days after sowing, 
and in oloth bags on 56 days after sowing. Shoots were dried at 80° C 
for 120 hours. Dry weight was recorded. Days from sowing to the date 
when plants in each row attained 50$ tasseling and 50% silking were 
recorded. 
The length and width of mature penultimate and ear leaf were 
measured. The ear leaf is the leaf immediately above the biggest ear. 
Measurements were taken 10 days after 100% silking had been attained. 
Leaf length was taken from the base of the sheath of the leaf to the 
tip. Leaf width was masured at the point of maximum width. The 
number of tillers and ears per plant for each plot were recorded 21 
and 30 days, respectively, after attainment of 100# tasseling. 
Ears from the middle row in each plot were harvested on 23 
September 1983. Two ears from each plot were weighed and the weight 
recorded. The two ears were put in nylon begs and dried at 35** C for 
120 hours after which dry weight was recorded. Ears were hand shelled 
and the weight of the grain and the cob was recorded. This weight was 
used in computing the shelling percentage of 12% seed moisture from 
which final grain yield me determined. Ten seeds, randomly picked 
from the center of each of five ears per replicate were weighed and 
the weight was recorded as fresh weight, 50 seeds. Thereafter, seeds 
were put in a coin envelope and placed in an oven at 105° C for 72 
hours after which the weight was taken and recorded as dry weight/50 
seeds. 
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Laboratory Studies 
Laboratory determinations were made on several oharscteristios of 
the seed samples to estimate the vigor* Two laboratory tests, the 
warm germination and oold tests, were oonduoted as described in the 
previous paper (Aklntorin-Adegbuyi and Burris, 1985) on all seed lots. 
Seedling dry weight and ratio of shoot to root dry weight was 
determined as described in the previous paper (Akintorin-Adegbuyi and 
Burris, 1963). 
An individual analysis of variance was conducted on data 
collected in each experiment. Mean* were compared with an f-test and 
linear correlations made among field and laboratory characters. 
Significance of the F-teat and correlation coefficients are indicated 
by *, ** for the 0.05 and 0.01 levels of significance, respectively. 
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RESULTS AhD DISCUSSIONS 
Th# results of the vigor tests conducted on the seed lots sre es 
shown in Table 1. Viability was high in all the seed lots ranging 
from 96% to 100*. High drying temperature reduced the viability of 
seeds of both ^brids dried at 50° C but the differences were not 
significant. Cold test values in both hybrids decreased in seeds 
dried at 30° C with A632 X (K99 X K95) exhibiting significantly higher 
(P < .01) cold test values than B73 X (H99 % K95). Seedling dry 
weight followed a similar response to the cold test. A632 showed 
higher seedling dry weight in all cases. Both hybrids exhibited 
reduced seedling dry weight in seeds dried at 50° C. However, A6j2 
had significantly higher (P < 0.01) seedling dry weight than 57J at 
this drying temperature, AW2 exhibited decreased shoot to root ratio 
at the high drying temperature. In contraet, 573 exhibited an 
increase. The t^brid X temperature interaction me significant at the 
0.01 level. Eased on the result of the laboratory test, we have 
classified seeds of both hybrids dried at 50° C as low vigor and the 
seed lots dried at 35° C as high vigor seeds. 
Emergence of seedlings of both hybrids was reduced in seeds dried 
at 50° C (Table 2). The reduction was significantly higher (P < 0.01} 
in B73 than in 6632 at the reduced population but not in the uniform 
population. The hybrid 2 temperature interaction me significant at 
the 0.01 level. In both populations, A632 consistently exhibited 
higher emergence than E73 but this hybrid effect was significant IP < 
U^ble 1. Viability and vigor levels of the seed lots 
Character Hybrid and drying temperature 
Sources of 
Aô>2 e73 Variation^ 
35®C 50®C 35®C 50®C H T H * T 
Warm germination IJb) 100,0 96.0 9B.0 96.0 IkS bS kS 
Cold tast (*,) 99.5 68.0 95.0 73.5 hS ** kS 
Seedling dry weight 64.0 74.0 75.0 62.0 * ** hS 
<mg/seedling} 
Ratio of shoot to 1.65 1.45 1.50 1.78 US MS ** 
root dry weight 
H » hybrid « T » drying tempe** tune. 
*P = < 0.05. 
««P < 0.01 
NS « not signifioant. 
ïable 2. Effects of seed vigor on emergence and emergence rate 
Character Hybrid and drying temperature Sources of Variation® 
A632 b73 IiMlividual analysis Combined analysis 
35®C 50®C 35®C 50®C H T H X T P H X P T X P 
Reduced Population 
tanergence {%) 95.4 81.7 91.1 56.7 «* ** *« US ** *» 
Lmergence Rate i%) 7.62 6.55 6.46 5.58 * m KS KS bS ** 
Uniform Population 
lanergenoe (Jfc) 91.5 79.3 92.4 74.2 fcS ** kS kS «• »« 
hmergenoe Rate (Jb) 6.63 6.34 5.50 7.44 kS NS &S &S KS *-* 
» hybrid, 1 » drying tempera turn, P - population. 
« P < .05. 
P < .01. 
MS » not significant. 
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0.01} only in the reduced population. In reduced population» 
emergence rate of the two hybrids was reduced in seeds dried at 50° C 
(Table 2). In contrast» in the uniform population» emergence rate 
increased in seeds of both hybrids dried at 50° C but the differences 
were not significant. Seed viability and emergence rate are crop 
oharaoters reported to be influenced by seed vigor (Funk «t a^.» 1962; 
Burris» 1975; Ayre» 1960). The insignificant effect of seed vigor on 
emergence rate observed in this study may be explained by the warm or 
more favorable soil conditions prevailing at the time of emergence. 
Soil tea^rature Mas 20,6* C, 2,5* C above the normal (16.1* C) for 
the month of toy. The response observed could be expected because 
under stressful conditions» the effect of seed vigor is more 
pronounced than in favorable field conditions. Glenn et a^. (1974) 
found no relationship between emergence rate and seed vigor in 25 com 
hybrids investigated. 
Hybrid* differed in plant height (Table 3) through out the 
sampling period. kftiZ produced significantly taller plants than &73 
at all sampling dates except in the third sampling dates in reduced 
population, At 4 weeks» high drying temperature decreased plant 
height of A632 in reduced population. B73 produced shorter plants in 
both populations. The drying temperature differences were not 
significant. The same relationship observed in 4 weeks old plants was 
observed at 6 weeks. At G weeks, plants from seeds of both hybrids 
dried at 50* C had "caught up" or grown taller than plants from seeds 
Table 3* Plant height as affected by seed vigor 
Character Hybrid and drying temperature Sources of Variation* 
A632 £73 Individual analysis Combined analysis 
35®C 50*C 35®C 50®C H T H I T  P H X P Î X P 
RediMîed Population 
Plant height. 4 ueeks (cm) 92.7 90.5 88.5 83.5 * MS MS « MS NS 
Plant height, 6 weeks (cm) 133.7 129.0 122.7 115.8 ** * MS * MS NS 
Plant height. 6 weeks (cm) 172.4 173.9 173.3 178.2 MS MS MS MS * NS 
Uniform Population 
Plant height. A weeks (cm) 98.2 100.4 94.0 85.8 ** MS « # MS KS 
Plant height. 6 weeks (cm) 133.0 136.4 130.0 119.5 ** MS « • MS kS 
Plant hei^t, 6 weeks (cm) iei.2 173.7 164.8 167.1 * MS MS MS » * 
» hybrid, T « drying temperature, P = population. 
« P < ,05. 
** P < .01. 
MS « not significant. 
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dried at 35° C. A632 in a uniform population was an exception as 
seeds dried at 50^ C were 7.5 cm shorter than those dried at 35° C. 
However, these differences were not significant in either population. 
Combined analysis shows that the population effect was significant 
(0.01 level) at the first two sampling dates. The result obtained 
agreea with that of some workera (Burris 1S75; Smith and Camper 1970; 
Akintorin-Adegbuyi and Burris 1985) who reported significant positive 
influence of seed vigor on early plant height but that as the plants 
developed, the differences diminished, the production of 
significantly taller plants in the uniform population then those in 
reduced population may be explained by more rapid extension of the 
culm as a response to more intense shading in the dense population 
(Koyt and Bndfield, 1962; Trenbath, 1976). 
the effect of high drying temperature on stem diameter of both 
hybrid* was leea consistent in the reduced population than in uniform 
population (table 4). High drying temperature resulted in greater 
diameter of 4 week old plants of A6j2, In contrast, 67} decreased 
stem diameter. Seeds of both i^brids dried at 50° C exhibited reduced 
stem diameter in the uniform population. In all cases, A632 exhibited 
significantly wider diameter than &73. the effect due to high drying 
temperature was not significant at this date. Stem diameter of 6 week 
old plants in reduced population behaved in contrast to that observed 
at 4 weeks. A632 exhibited a decrease in stem diameter at the high 
drying temperature while B73 exhibited an increase. In the uniform 
Table Stem diameter as effected by seed vigor 
Character Hybrid and drying temperature Sources of Variation^ 
A632 &73 Individual analysis Combined analysis 
35*C 50*C 35®C 50*C H t H X T P H X P T X 
Reduced Population 
Stem diameter. A weeks (cm) 1.52 1.56 1.5a 1.47 as as KS * US MS 
Stem diameter. 6 weeks (cm) 2.21 2.18 2.23 2.31 BS HS kS «* MS MS 
Stem diameter. 6 weeks (cm) 2.23 2.34 2.2S 2.45 * ** *« MS MS 
Uniform Population 
Stem diameter, A weeks (cm) 1.54 1.50 1.41 1.32 *• kS àtS * MS MS 
Stem diameter. 6 weeks (cm) 1.96 2.04 2.16 2.01 * * MS ** MS MS 
Stem diameter. 
tt 
1 (cm) 2.0 2.02 2.08 2.07 tiS MS &S ** MS tiS 
H « hybrid, 1 = drying temperature* P - population. 
• P < 0.05. 
«« P < 0.01. 
MS « not significant. 
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population, the stem diamatar of a632 incraasad aa a raault of tn« 
high drying tamparatura. In oontraat B73 axhibitad a significantly 
daoraaaad atarn width aa a raault of tha high drying tamparatura. In 
both populationa, at 6 waaka, both h/brida produoad widar atama in tha 
low vigor plota, Tha affaot dua to high drying tamparatura (low 
vigor) waa aignifioant in tha raducad population at tha 0.01 laval. 
Combinad anslyaia ahow that tha affaot dua to population diffaranca 
waa aignifioant at tha 3 sampling datas. 
Tha raaponaa to high drying tamparatura by both hybrids is not 
consistant ovar tima. In ganaral, plants in uniform population 
producad thinner plants than in raducad population. This may be due 
to interplant competition in the uniform population. These results 
show that stem diameter is one of the characters influenced by seed 
vigor. At 6 weeks, 57) produced thinner plants than A632 but by 6 
weeka, the différences had diminished. This result agrees with that 
reported by Hoffman (1925) who observed that 'wider stem diameter in 
high vigor seed lot of com than in low vigor seed lot. Akintorin-
Adegfauyi and Burris (1965) reported a similar observation but by 
taseeling the effect due to seed vigor had disappeared. 
At 4 weeks, shoot dry matter content (Table 5} of both hybrids 
increased as a result of the high drying temperature in reduced 
population. In uniform population A632 exhibited a decreased dry 
matter production because of high drying temperature while dry œattec 
production increase in E73. At 8 weeks, A632 seeds dried at 50° C 
Table 5. Effects of seed vigor on sMot dry natter 
Character Hybrid end drying temperature Sources of Variation^ 
*6)2 67j Individual analyeis Combined analysis 
35*C 50*C 35®C 50®C H T H I T  P H X P T X P 
Reduced Population 
Shoot dry matter, 
4 weeks (gm/seedling) 
9.74 10.96 10.96 10.30 KS NS KS ## MS m 
Shoot dry matter, 
e weeks (gm/seedling) 
11.46 11.64 11.20 12.16 KS hS ms US MS Its 
Uniform Population 
Shoot dry matter, 
A weeks (gm/seedling) 
9.15 9.06 6.64 6.96 US KS KS ** KS MS 
Shoot dry matter, 
B weeks (gm/seedling) 
10.72 11.01 10.99 9.68 kS WS US us MS US 
®H = hybrid, T » drying temperature, P « population. 
* P < ,05. 
«« P < .01. 
MS - not significant. 
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exhibited increased dry matter content in both populations. In 
contrast» h73 showed a decrease. At no sampling date were any of 
these effects significant. The effect due to population density was 
significant (0.01 level) at the first sampling date. The production 
of low dry matter occuring in the uniform population may be a response 
to the crowding condition which limits early vegetative growth, but by 
6 weeks, the effect due to population stress was not significant. 
Both hybrids in reduced population exhibited a slight reduction 
in the length of the ear leaf because of the high drying temperature 
effects (Table é). These differences were not significant. In 
contrast, in uniform population, both hybrids increase the length of 
the ear leaf at the high drying temperature. However, the differences 
were not significant. A6}2 exhibited consistently longer ear leaf 
than hfi at all temperatures* In both populations, ear leaf width of 
both hybrids increased because of the high drying temperature. This 
difference ime significant in both populations. 573 produced 
significantly wider ^ r leaf than A632 at all drying temperatures and 
in the two populations at the 0.01 level. This hybrid effect was 
significant in reduced population. Plants in reduced population 
exhibited significantly wider (P < 0.01) ear leaf than plants in 
uniform population. 
High drying temperature did not affect the length of the 
penultimate leaf of 66^2 in reduced population while £73 exhibited a 
reduction when dried at a high drying temperature. In uniform 
Table 6. Ëffdcte of seed vigor on oar end penultimate loaf area and tiller production 
Character Hybrid and drying temperature Sources of Variation® 
A632 £73 Individual analysis Combined analysis 
35®C 50*C 35®C 50®C W T H * T P H I P  T X P 
Reduced Population 
tar leaf length (cm) 67.9 87.8 86.0 85.6 •« KS NS US NS NS 
Ear leaf width (cm) 9.7 lO.O 10.1 10.3 ** * «S ** NS NS 
Penultimate leaf length (cm) 54.4 54.4 50.6 48.1 *• US NS NS NS NS 
Penultimate leaf width (cm) 6.6 6.8 7.0 7.2 ** US NS ** NS # 
No of tillers/plant 0.19 0.31 0.23 0.36 KS ** NS MS NS 
Uniform Boiiulation 
tor leaf length (cm) @6.2 87.3 85.1 86.0 NS us NS NS NS NS 
bar leaf width (cm) 9.04 9.27 9.13 9.43 %S * NS Mr NS NS 
Penultimate leaf lengW* (cm) 52.7 54.7 49.4 45.7 US NS NS NS NS NS 
Penultimate leaf widttj (cm) 6.47 6.35 7.11 6.47 * NS NS ** NS « 
No of tillers/plant 0.01 0.02 0.02 I.01 US US NS «•* NS NS 
- hybrid, T « drying temperature, P » population. 
« P < .05. 
«* P < .01. 
NS B not significant. 
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population» seeds of both hybrids dried at 50° C exhibited a trend 
towards increase in the length of the penultimate leaf. In reduced 
population, seeds of both hybrids dried at 50° C exhibited wider 
penultimate leaf. In contrast, both hybrids showed a decrease in leaf 
width. The difference was only significant in uniform population at 
the 0.01 level. Afi32 consistently exhibited wider penultimate leaf 
than B73 at all temperatures and in both populations but this hybrid 
effect was significant only in reduced population. Penultimate leaf 
width was significantly higher (P < 0.01) in reduced than uniform 
population. The ear leaf and penultimate leaf are important sources 
of grain carbohydrate in com (Yoshida 1972). Seed vigor influenced 
penultimate and ear leaf widths. Narrower ear leaf and longer 
penultimate leaf were produced by high vigor seed lots. The 
production of narrower ear and penultimate leaf in the uniform 
population may minimize excessive shading of lower leaves. 
Average tiller production (Table 6) in both hybrids increased 
because of the high drying temperature in both populations. in 
both populations produced more tillers than at the high drying 
temperature. Thee# differences were only significant in the reduced 
population. Plants in the reduced population produced significantly 
higher number of tillers than in uniform population. Carmargo and 
Vaughan (1973) reported significantly higher tillering capacity in 
high vigor seeds of sorghum than in low vigor seed lots. Hoffman 
(IS25) reported a higher production of tillers in large (high vigor) 
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s««da than small (low vigor) seed lot but the differences were not 
significant. The high tiller production observed in low vigor seed 
lota (seeds dried at 50^ C) may be associated with the low viability 
(population) due to seed vigor. Reduced plant population enhanced the 
production of tillera because eaoh plant in the reduced population had 
less competition hence more available space. Ayre (1980) working on 
wheat, reported that plants from low vigor seeds produced more tillers 
per plant than those from high vigor seeds. 
The number of daya from planting to attainment of 50% tasseling 
in A632 ma not affected by high drying temperture in both populations 
(Table 7). B73 in both populations exhibited about a 0.6 day delay in 
tasseling of plante resulting from seeda dried at 50° C. this 
difference waa significant at the 0.01 level. In reduced population, 
the hybrid X temperature interaction was significant at the 0.01 
level. Combined analyaie show that the hybrid X population 
interaction me significant at the 0.05 level. Silking date in both 
hybrids increased in se^de dried at 50° C in reduced population. The 
delay due to the high temperature effect was significantly higher, 
about a 0.9 day delay in 573 than A632 (0.02 day delay). In uniform 
population A632 seeds dried at 50° C silked earlier (a 0.2 day gain) 
than those dried at 35° C. In contrast, 573 tended to exhibit a .2 
day delay in seed dried at 50° C. Combined analysis shows that the 
effect due to population density was significant at the 0.05 level. 
Thus, tasseling and silking dates were influenced by seed vigor. 
Tabid 7. Effects of seed vigor on tasseling and silking dates 
Character Hybrid and drying tempera Wre 
A632 B73 
Sources of Variation 
Individual analysis Co^ined analysis 
J5®C 50®C 
Days from planting to $0# 60.0 60.0 
tasseling 
Days from planting to 50)& 6).Q 64.0 
silking 
Days from planting to 50% 60.0 60.0 
tasseling 
Days from planting to 50Jfc 64.5 64.3 
silking 
35®C 50®C H T HIT P HXP TXP 
Reduoed Population 
60.0 60.6 ** ** 
64.4 65.3 ** ** 
** 
ms ** ms hS 
Uniform Population 
60.4 61.0 « as teS * * 
65.3 65.5 • KS KS ** KS Its 
% 
= hybrid, T = drying temperature, P ® population. 
« P < .05. 
«« P < .01. 
MS = not significant. 
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Delay in attainment of reproductive stage was associated with low seed 
vigor in com (Hoffman, 1925; Burria, 1975). The attainment of the 
reproductive stage earlier in the reduced population than in uniform 
population may be due to more competition for growth factors in the 
denser population 
Average ear production (Table 6) of A632 decreased in reduced 
population because of high drying temperature effect. In B73, an 
increase in ear production was observed at this temperature. In 
uniform population, A632 increased the number of ears produced when 
seed was dried at the high temperature. In contrast, B7) exhibited a 
decrease. The differences observed in the uniform and reduced 
populations were not significant* This result is similar to that 
reported by Akintorin-Adegbuyi and Burris (1965) using the same 
hybrids and treatments. However, Hoffman (1925) and Burris (1975) 
reported increased barreness associated with low vigor in com. 
Plants in reduced populations produced significantly (P < 0.01) more 
ears than those in uniform population. The result obtained here is 
similar to that reported by Lang et al. (1956) who found that hybrids 
which showed a tendency to be multiple - eared at low population rates 
have the lowest percentage of barren stalks at high plant populations. 
The response observed could be explained by more vegetative growth in 
plants in the reduced population. 
In both populations, fresh and dry weight of harvested seeds of 
both hybrids increased at the high drying temperature (îable 6). 
Table 6. Yield indices as affected by seed vigor 
Character Hybrid and drying temperature Sources of Variation® 
*6)2 57) Individual analysis Combined analysis 
)5®C 50*C )5®C 50®C H T H * T P H * P T X P 
Reduced Population 
Mo of ears/plant 1.15 1.06 1.07 1.19 MS KS la ** MS MS 
Freslj weight/50 seeds {gn) 16.8 17.9 16.6 18.6 US KS MS US MS MS 
Dry weight/50 seeds (gm) 11.6 11.8 11.) 12.0 KS Its KS MS MS MS 
Yield tonnes/ha 7,2 7.5 8.6 7.) Its KS * ** MS MS 
tteiform Population 
No of ears/plant 1.0 1.01 1.02 1.01 Ids MS KS ** MS MS 
J-resh wei^t/50 seeds (gm) 16.1 17.) 16.7 16.9 liS WS US MS MS MS 
Dry weight/50 seeds 10.6 11.6 11.0 11.7 KS MS MS MS MS 
Yield tonnes/ha 4.7 5.0 6.0 5.9 #* Its MS ** MS MS 
®H « hybrid, T « temperature, P = population. 
« P < .05. 
«# P < .01. 
MS B not significant. 
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Th#8* difference* were not significant at any population. Plants from 
the reduced population produced heavier seeds then in uniform 
population. This reiult agrees with Perry (19€0) who reported that 
barley planta at low populations emerging from low vigor seeds 
produced heavier grains than at high populations. Similarly Ayre 
(1980) reported production of more spikelets per ear in low vigor 
planta than in high vigor plants. In both populationa, seeds of AÔ32 
dried at 50® C exhibited an increase in yield. In contrast, 673 
decreased yield. In general, b73 showed higher yield than A632 at the 
two populations but the differences were significant only in the 
uniform population. Ihe hybrid % temperature interaction was 
significant at the 0,05 level in the reduced population. The result 
obtained here agrees with some workers (Edje and Burris, 1971i &gll 
and Tekrony, 1979; Glenn at al., 1974) who reported no yield advantage 
derived from the use of high vigor seeds. Kirby (197&) reported that 
barley plants could compensate for low stand densities with yield 
2 being unaffected by densities ranging from 50-SOO plants per K . 
In both populations, higher correlations were found between 
characters influenced by seed vigor at the early stages of growth; as 
the plant aged the correlation values decreased. 
Plant height and stem diameter were regressed on t^ys from 
planting to the last sampling date, 56 days. Table o3 shows the 
regression equations and the coefficient of determination of 
o 2 
regression (r ) values obtained, r values ranged from .63 to .S9. 
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The slopes of the regressions exhibited by seeds dried at C did 
not differ significantly from those of seeds dried at 50° C. 
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CONCLUSIONS 
Em*rg#nc*, early plant height end aten diameter were aone of the 
crop oharaotera Influenced by meed vigor. Ihe effect due to seed 
vigor on plant height and diameter decreeaed with plant age. Ceya 
from planting to 50% taaeeling and to 30# ailking, penultimate and ear 
leaf width were influenced by seed vigor. Poaitive and negative 
relationehipa were found to exiat between aome of the characters 
influenced by feed vigor. 
The effect of seed vigor on viability (emergence) and etand 
eatabliahment was reflected in early plant height, atea diameter, 
ehoot dry matter production, days from planting to attainment of 5Q% 
taswling and to 50% silking, ear leaf and penultimate leaf width, 
number of tillers and ears produced per plant and grain yield. 
Yield was not affected by eeed vigor in either uniform or reduced 
plant population. Plants in reduced population due to seed vigor were 
able to compensate completely for missing stands. 
96 
LITERATURE CITED 
Abdalia, f. H., and L. K. Roberta. 1964. The affaot of scad atoraga 
condition# on tha growth and yiald analysis of barlay, broad baans, 
and paaa. Ann. Got. 33*169-184. 
Abdul-Eaki, A. A., and J. 0. Anderson. 1973. Bioohamical aapaota of 
saad vigor. Kortio. Soi. 15:765-771. 
Akintorin-Adagbuyi» E., and J. S. Burria. 1965. Fiald criteria used 
in determining the vigor of seed com CZea mays L. ) as induced by 
drying injury. Agron. Journal (in Press). 
Anderson, J. D. 1970. Physiological and biochemical differences in 
deteriorating barley seed. Crop Soi. 10t36-39. 
Association of Seed Official Analysts. 1978. Rules for testing 
seeds. J. Seed Technol. 3(3)#1-126. 
Ayre, L. 1980. Seed vigor affects cereals throughout the season. 
Arable farming 7(3)42-43, 45. 
Black, J. N. 1957. %ed size as a factor in the growth of 
subterranean clover Trifolium subterraneum, under spaced and sward 
conditions. Aust. J. Agric. Res. 6*335-351. 
Surris, J. S. 1975. Seedling vigor and its effect on field 
production of com. Proo. 30th Ann. Com end Sorghum Res. Conf. (ASA) 
1975I165-195. 
Burris, J. S. 1977. Effect of location of production and maternal 
parentage on seedling vigor in hybrid maize. Seed Sci. Technol. 
5*703-706. 
Burris, J. S., and U. R. fehr. 1971. hethode for evaluation of 
soybean hypocotyl length. Crop Sci. 11*111-117. 
Burria, J. S., 0. T. Edje, and A. K. Wahab, 1969. Evaluation of 
various indices of seed and seedling vigor in soybean (Glycine ma» 
(L.) Kerr.) Proc. Assoc. Off. Seed Anal. 59*73-61. 
Byrd, H. K. 1970. Effect of deterioration of soybean (Glycine max) 
seed on storability and field performance. Ph.D. iiseertation. 
hississippi State University. Starkville, AS. 
Byrd, H. W., and J, C. Delouche. 1971. Deterioration of soybean seed 
in storage. Proc. Assoc. Off. Seed Anal. 61:41-57. 
9S 
CarnargOt C. P., and C. £. Vaughan. 197}. Effect of s«ed vigor on 
field performance and yield of aorghua ISorghum bicolor (L.) Moenoh). 
Proo. Aaaoo. Off. Seed Anal. 6]11215-147. 
Chingt T. K.t S. Kedtke, M. C. boulger, and W. £. Kronatad. 1977. 
Correlation of field emergence rate and aeed vigor criteria in barley 
cult!vara. Crop Soi. 17:312-jl4. 
Delouohe, <i, C. 1963. Phyaiology of aeed atorage. Proc. 23rd Com-
Sorghun Rea. Conf. (ASIA} 23i83-90. 
Delouohe, J. C. 1969. Planting aeed quality. Proo. keltwide Cotton 
Prod. hech. Conf. New Orleana» January 1969. 
DelouoheI J. C. I960. Environmental effecta on seed development and 
aeed quality. Hortio. Sol. 13(6) 23*83-90. 
Delouohe, J. C., and W. P. Cadwell. I960. Seed vigor and vigor 
testa. Proo. Assoc. Off. Seett Anal. 50*124-129. 
Donald, C. K. 1968. The breeding of ideotypes. Euphytica 17:383-
403. 
Duncan, G. H., and 5. Koehler. 1940. Age of seed com in relation to 
seed infection and yield capacity. Agron. J. 36*436-543. 
Edje, 0. T., and J. S. Burris. 1970. Physiological and chemical 
changes in deteriorating soybean seeds, Proc, Assoc. Off. Seed Anal, 
60*158-166, 
Ed je, 0, T., and J. S, Burris, 1971, Effects of soybean seed vigor 
on field performance. Agron, J, 63*536-536, 
Ëgli, C. B,, end D, M, Tekrony. 1979, Relationship between soybean 
seed vigor and yield, Agron, J, 63*536-536, 
Erbacb, D, C, 1982, Tillage for continuous com and com-soybean 
rotation. A,S,A,E, transactions 25*906-911, 
Fleming, A, A. 1966, Effects of seed age production producer and 
storage on com (Zea mays L,), Agron, J, 50*227-229, 
Funk, C, R,, J, C, Anderson, H, W, Johnson, and R, W, Arkinson, 1S62. 
Effect of seed source and seed age on field and laboratory performance 
of field com. Crop Sci, 2:318-320, 
Glenn, F, B,, T, E, Caynard, and T, T, Katson, 1974, Relationship 
between spring vigor and grain yield. Can, J. of Plant Sci. 54:65-69. 
100 
Crabe, Q. F. 1963. Seed corn-storage and vigor. Seed World 
92(10)112-14. 
Crabe, D. I. 1964. Clutaolo aoid decarboxylase activity as a measure 
of seedling vigor. Proo. Assoo. Off. Seed Anal. 54>100-109. 
Harrison, H. B., K. B. Parker, and B. J. Johnson. 1965. Influence of 
molybdenum content of soybean seed and other factors associated with 
seed content on progeny response to applied molybdenum. Agron. J. 
471597-399. 
Keydeoker, W. 1972. Vigor. P. 209-252. In E. K. Roberta ed. 
Viability of seeds. Chapman and Hall Ltd., London. 
Hoffman, I, C. 1925. The relation of seed size of kernels of sweet 
com to evenes# of maturity, J. Agric. Res. 31>1043-1055* 
Koyt, P., and R. Bradfield. 1962. Effect of varying leaf area by 
partially defoliated and plant density on dry matter production in 
com. Agron. J. 54>523-525. 
Kaufman, M. R., and L. Guitard. 1967. Ihe effect of seed size on 
the early plant development on barley. Can. J. Plant Soi. 47>73-76. 
Kaufaan, K. R., and C. A* D. MoFadden. I960. The competitive 
interaction between barley plants grown from large and small seeds. 
Can. J. Plant Soi. 43*51-56. 
Kirby, S. J. K. 1979. The effect of sowing date and plant population 
on barley. Ann. Appl. Biol. 63*513-521. 
Lang, A. L., J. U. Pandleton, and C. H. Bungan. 1556. Influence of 
population and nitrogen levels on yield and protein and oil contents 
of nine com hybrids. Agron. J. #*264-269. 
Oexeman, S. U, 1942. Relation of seed weight to vegetative growth 
and differentiation and yield in plants. Ann. J, Eot. 29*72-61. 
Perry, D. A. 1973. Seed vigor and stand establishment. Kort. Abstr. 
42*334-342. 
Perry, 0. A. I960. Deterioration barley seeds and its effects on 
field performance. In P. D. Hebblethiwaite, ed. Seed Production. 
Buttervorthe, London. 
Perry, D. A., and J. C. Harrison. 1577. Effects of seed 
deterioration and seed-bed environment on emergence and yield of 
spring-sown barley. Ann. Appl. Biol. 66:291-300. 
101 
Pollock» B. K., and £. E. Roos. 1972. Seed and seedling vigor, p. 
}13-j87. In T. 1. Kozlowaki, ed. Seed Biology I. Academic Press» 
New York. 
Rodrigo, P. A. 1S39. Study of the viability of old and new seeds 
aung beans. Philippine J. Agrio. 10:285-291. 
Smith, T. J., and K. M. Càmper. 1970. Effect of seed size on soybean 
performance, Agron. Abstr. 62t62. 
Throneberry, G. 0., and f. G. Smith. 1955. Relation of respiratory 
and enzymatic activity of com seed viability. Plant Phyalol. 
Lancaster 30i337-343. 
Trenbath, B. R. 1976. Plant interactions in mixed cropping 
communities. P. 129-169. In Multiple Cropping. American See. of 
Agron., Madison, Wisconsin. 
Trupp, G. R., and I. Î. Carlson. 1971. Improving of seedling vigor 
of smoothgrass by recurrent selection for high seed weight. Crop Soi. 
11*225-228. 
Vieria, C. 1966. Effect of seed age on germination and yield of 
field bean (Phaseolua vulgaris L.). lurrialfca 16(4)>396-398. 
Woodstock, L. W, 1973. Physiological and biochemical tests for seed 
vigor. Seed Soi. and Technol. 1:127-157. 
Yoshida, S. 1972. Physiological aspects of grain yield, Ann. Review 
of Plant Physiol. 23:437-464* 
102 
SUMMARY AND CONCLUSIONS 
S«td8 Of two com hybrids A632 X (HS9 X K95) and B73 X (K99 X 
H93) were dried at two temperatures, 35^ C (normal) and 50° C (high) 
to produce differential vigor levels and planted to define the crop 
oharaoters through whioh seed vigor is expressed, how long such 
influence persists and the relationship between characters influenced. 
A complete range of crop characters were measured in the 
laboratory, field and growth chamber in 1S62, and 1964. In 1963, 
comparisons were made between the effect of seed vigor on crop 
perforwnce in uniform and reduced populations due to seed vigor. 
The result of two of the laboratory teste, the cold test and tne 
seedling dry weight showed that the high drying temperature reduced 
the vigor of seeds of both hybrids with 573 exhibiting significantly 
more reduction than A632. The cold test and seedling dry weight were 
more sensitive tests in determining the vigor of the seed lots than 
the warm gemination and the ratio of shoot to root dry weight. 
In the 1982 and 1964 field studies, seed vigor was expressed in 
initial vegetative growth. Emergence, and emergence rate were reduced 
by seed vigor. Early plant height, stem diameter and shoot dry matter 
at 4 and 6 weeks and penultimate leaf area were influenced by seed 
vigor. In 1984 tasseling and silking dates were influenced by seed 
vigor. This response was expected as field conditions were less 
favorable in 1984 than 1552, before and during tasseling. Seed vigor 
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is effcotcd by many factors, among which are the environment and the 
interaction between environmental and genetic factors. In both years, 
yield was not affected by seed vigor. 
The responses of the plants in the growth chamber were similar to 
those observed in the field. Early vegetative growth, emergence, 
emergence rate, plant height, stem diameter and shoot dry matter at 4 
and 6 weeks were influenced by seed vigor but as the plants matured, 
the influence of seed vigor was not awasurable. 
In the 196j field study, the effect of low seed vigor was 
expressed in low viability, poor stand establishment, reduced early 
plant height, atern diameter and shoot dry matter* ïield was not 
affected by seed vigor as plants in reduced populations w»re able to 
compensate completely for oUesing stands because of less competition 
by increasing stem diameter, shoot dry matter, number of tillers 
produced per plant, penultimate and ear leaf area, and by reduction in 
plant height and number of days before attaining the reproductive 
stage. 
Significant positive and negative correlations were found to 
exist between some of the characters influenced by seed vl*(or in all 
field, laboratory and growth cMmber studies. 
The significant effect of seed vigor on initial vegetative growth 
must not be overlooked because the effect is not carried to the yieli, 
rather, the advantages derived from use of high vigor seeds in tenus 
of œxiouiB stand, rapid emergence and vigorous early growth my sean 
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better and safer weed control» increased higher perception and higher 
photo-assimilatory activity early in the season, and a one-time 
harvest which can culminate in econooio considerations for the farmer. 
The ran^ of germ plasm used in this study is limited, compared with 
that available at this time and besides, the ecological zone in which 
the field experiments were conducted is not representative of all 
areas where com is grown. A study covering more germ plasm and in 
different ecological zones where com is grown is suggested for 
further research. 
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APP&bDIX A. ANALYSES OF DATA COLLECTED W THE 1962, 1984 
AND 1963 FIELD, LABORATORY AM GROWTH CHAMBER 
STUDIES 
lable Al. Combined analysis of data collected in the field in 1962 and 1964 
Hybrid and Drying Teaperature 
Character A632 673 Sources of variation 
35 56 35 50 H T H*T 
Emergenoe (Jt) 94.1 71.0 91.2 62.3 * «* NS 
kmergenoe rate (Jfe) 8.0 5.7 7.9 4.5 H ** # 
Plant height, 4 weeks (cm) 22.3 20.2 18.7 16.6 «« # NS 
Plant height, 6 weeks (cm) 69.5 67.4 59.6 54.4 ** MS NS 
Plant height, 6 ueeks (cm) 150.0 149.7 138.3 131.6 ** kS NS 
Stem diameter, 4 weeks (cm) 0.64 0.57 0.56 0.51 #* ** NS 
Stem diameter, 6 weeks (cm) 1.40 1.37 1.32 1.24 ws Its NS 
Stem diameter, 8 weeks (cm) 2.54 2.57 2.60 2.85 « MS NS 
Shoot dry matter, 4 weeks (gn) 0.74 0.66 0.57 0.47 *» » NS 
Shoot dry matter, 6 weeks (gm) 4.6 4.6 3.9 4.0 US NS NS 
Uays from sowing to SOo# tasseling 66.8 69.7 71.2 71.4 ** Its NS 
Days from sowing to 50%, silking 72.9 73.8 75.4 75.2 ** kS NS 
tar leaf length (cm) 83.3 84.6 84.7 83.5 KS NS 
Ear leaf width (cm) 9.8 10.1 10.3 10.6 ** NS NS 
Penultimate leaf length (cm) 45.8 50.3 44.8 48.6 HS *« NS 
Penultimate leaf width (cm) 6.3 6.6 6.7 7.5 •• ** NS 
No of tillers/plant 1.21 1.38 1.47 1.43 ** NS NS 
No of ears/plant 0.37 0.43 0.14 0.20 HS hS NS 
Yield (tonnes/ha) 9.2 9.1 9.3 9.0 as KS NS 
l-resh weight/50 seeds (gm) 14.1 15.2 14.9 15.7 ** #* NS 
Dry weight/50 seeds (gm) 11.1 11.7 11.4 11.6 ** * NS 
Warm germination (JS) 99.5 92.5 95.0 86.5 » ** NS 
Cold test (JE) 94.8 82.6 92.0 81.0 kS ** NS 
Seedling dry weight (mg/seedling) 85.0 80.0 77.0 70.5 »* M NS 
Hatio of shoot to root dry weight 1.96 1.96 1.88 1.97 kS NS liS 
H » hybrid, T « temperaWre. 
« P < 0.05. 
*« P < 0.01. 
NS 5 not significant. 
Table A2. Analysis of variance of results of laboratory tests of the seed lots planted in 1962 
and 1984 
1982 laboratory Experiment 1984 laboratory Experiment 
Source D.F. h.S. F Source D.t. h.S. i 
Warm Germination Warm Germination 
Hybrid 1 16,00 6.74* Hybrid 1 1.56 .51 
Year 1 6.25 2.63 Year 1 5.06 1.65 
Hybrid x year 1 6,25 2.63 Hybrid x year 1 1.56 .51 
Temperature I 12.25 5.16 Temperature 1 18.06 5.9» 
Hybrid x temperature 2.25 .95 Hybrid x tei^rature 1 .56 .18 
Year x temperature 1 .00 ,00 Year x temperature 1 .06 .02 
Hybrid x year x temp. 1 1.00 .42 Hybrid x year x temp. 1 .56 .18 
Residual 8 2.38 Residual 8 3.06 
Total 15 4.20 Total 15 3.46 
Q>ld II Cold test 
Hybrid 1 9.00 .71 Hybrid 1 1.00 .31 
Year 1 2.25 .18 Year 1 .25 .08 
Hybrid x year 1 2.25 .18 Hybrid x year 1 4.00 1.23 
Temperature 1 81.00 6.35* Temperature 1 210.25 64.69* 
Hybrid x temperature 1 .00 .00 Hybrid x temperature 1 1.00 .31 
Year x temperature 1 6.25 .49 Year x temperature 1 .25 .08 
Hybrid x year x temp. I 6.29 .49 Hybrid x year x temp. 1 9.00 2.77 
Residual 6 12.75 Residual 8 3.25 
Total 15 15.93 total 15 16.78 
« P < 0.05. 
Uâble A2 (Continued) 
1982 Seed lota 1984 Seed lota 
Source D.f. h.s. F Source D.f. U.S. f 
Seedling dry wei#*t Seedling dry weight 
Hybrid 1 3.90 11.84** Hybrid 1 2.64 23.09** 
Year 1 .08 .23 Year 1 .18 1.58 
Hybrid x year 1 .00 .00 Hybrid * year 1 .14 1.23 
temperature 1 .33 7.06* lesiperoture 1 .45 3.98 
Hybrid * temperature 1 .00 .00 Hybrid % te#qperature 1 .11 .92 
Vear x temperature 1 .46 1.38 Y^r X temperature 1 .00 .01 
Hybrid x year x temp. 1 .00 .00 Hybrid x year x te#p. 1 .00 .01 
Residual G .33 .33 Residual 8 .11 
Total 15 .63 Total 15 .30 
Ratio of shoot to root dry weight Ratio of shoot to root dry weight 
Hybrid 1 .05 1.37 Hybrid 1 .006 .06 
Year 1 .00 .02 Year 1 .226 2.33 
Hybrid x year 1 .02 .42 Hybrid x year 1 .006 .06 
temperature 1 .23 6.12* femperature 1 .076 .78 
Hybrid x temperature 1 .Ob 2.05 Hybrid x tea^rature 1 .006 .06 
Year x temperature 1 .00 .02 Year x temperature I .006 .06 
Hybrid x year x temp, 1 .06 2.05 Hybrid x y»ar x te#p. I .141 1.45 
Residual 6 .04 Residual 6 .100 
Total Vj .05 Total 15 .083 
^ < 0.01. 
ïable A3. Analysis of wrlanee of results of field studies in 1962 and 1964 
1982 Held Study 1984 field Study 
Source D.t. N.S. F Source D.f. M.S. i 
Werewoe tmergeoee 
Hybrid 1 316.89 3.69 Hybrid 1 191.10 17.74** 
Year 1 265.07 3.09 Year 1 1140.03 105.83*» 
Hybrid * year 1 2.36 .03 Hybrid % year 1 151.38 14.05** 
temperature 1 5883.41 66.48* Teaperature 1 4719.06 438.08** 
Hybrid x temperature 1 35.91 .42 Hybrid % tempera twure 1 89.78 8.33** 
Year x temperature 1 1096.29 12.76** Year % tea|>erature 1 677.12 62.86** 
Hybrid x year x temp. 1 96.35 1.14 Hybrid x year % tenft. 1 119.35 11.08** 
Residual 24 85.91 Residual 24 10.77 
Total 31 314.85 Total 31 7346.36 
&mergenoe rate Emergence rate 
Hybrid 1 1.07 2.86 Hybrid 1 10.98 46.74** 
Year 1 0.04 .10 Year 1 30.28 128.84** 
Hybrid x year 1 0.J4 .92 Hybrid x year 1 .07 .29 
Temperature 1 14.94 39.93** Temperature 1 154.48 657.26** 
Hybrid x temperature 1 .37 .98 Hybrid x temperature 1 7.48 31.82** 
Year x temperature 1 .50 .13 Year x temperature 1 9. So 42.36** 
Hybrid x year x temp. 1 .00 .00 Hybrid x year x temp. 1 .71 3.03 
Residual 24 .37 Residual 24 .24 
Total il .83 .83 Total 31 7.08 
• P < 0.05. 
*# P < 0.01. 
liable A5 (Continued) 
1982 field Studies 1962 field Studies 
Source D.f. M.S. i Source D.F. M.S. 
Plant height at 4 weeks Plant height at 6 weeks 
Hybrid 1 101.38 18.49** Hybrid 1 1040.70 16.37** 
Year 1 3.65 .66 Year 1 .12 .00 
Hybrid x year 1 0.60 .11 Hybrid x year 1 27.73 .44 
Tempera tajre 1 35.67 6.54* Temperature 1 106.62 1.68 
Hybrid x temperature 1 0.02 .00 Hybrid % temperature 1 20.0 .31 
Year x temperature 1 3.04 .55 Year x temperature 1 16.93 .30 
Hybrid x year x temp. 1 .54 .10 Hybrid x year x temp. 1 53.17 .64 
Residual 24 5.48 Residual 24 63.59 
Total 31 8.95 .63 Total 31 90.11 
Plant height at 6 weeks Stem diameter at 4 weeks 
Hybrid 1 1400.2b 9.67** Hybrid 1 .345 11.62** 
Year 1 31.09 .21 Year 1 .000 .03 
Hybrid x year 1 347.82 2.40 Hybrid x year 1 .000 .05 
Temperature 1 27.94 .19 Trempera ture 1 .029 9.69** 
Hybrid x temperature 1 19.44 .13 Hybrid x temperature 1 .000 .20 
Year x temperature 1 151.03 1.04 Year x temperature 1 .000 .01 
Hybrid x year x temp. 1 .lo .00 Hybrid x year x temp. I .001 .24 
Residual 24 144.75 Residual 24 .003 
Total 31 175.66 Total 31 .004 
Table A3 (Continued) 
1982 tield Studies 1962 Field Studies 
Source D.f. M.S. F Source D.t. M.S. 
Stem diameter at 6 weeks Stem diameter at 8 weeks 
Hybrid 1 .102 4.23 Hybrid 1 .174 6.36» 
Year 1 .(KX) .00 Year 1 .004 .13 
Hybrid x year 1 .027 1.11 Hybrid % year 1 .022 .60 
Temperature 1 .023 .96 Temperature 1 .087 3.19 
Hybrid % temperature 1 .007 .27 Hybrid x temperature 1 .033 1.21 
Year % temperature 1 .035 1.46 Year x temperature 1 .135 4.93* 
Hybrid x year x temp. I .020 .63 Hybrid x year x temp. 1 .001 .05 
Residual 24 .024 Residual 24 .027 
Total 31 .026 total 31 .036 
Shoot dry matter at 4 weeks Shoot dry matter at 6 weeks 
Hybrid 1 .362 31.25** Hybrid 1 2.605 3.96 
Year 1 .026 2.23 Year 1 .083 .13 
Hybrid x year 1 .057 4.92* Hybrid x year 1 .096 .15 
Temperature 1 .059 5.13* Temperature 1 .034 .05 
Hybrid x temperature 1 .00/ .64 Hybrid x tea^rature I .028 .04 
Year x temperature 1 .006 .46 Year x temperature 1 .771 1.18 
Hybrid x year x temp, I .007 .63 Hybrid x y^r x temp. 1 5.126 7.64* 
Residual 24 .012 Residual 24 .654 
Tola I 31 .02o Total 31 .789 .769 
Table A3 (Continued) 
1982 Held Studies 1962 Held Studies 
Source D.F. M.S. i Source D.f. M.S. K 
tar leaf length tar leaf width 
Hybrid 1 .235 .02 Hybrid 1 1.69 9.89** 
Year 1 7.960 .73 Year 1 .38 2.00 
Hybrid x year 1 1.711 .16 Hybrid * year 1 .21 1.08 
Temperature 1 .0005 .00 Temperature 1 .60 3.13 
Hybrid x temperature 1 13.107 1.21 Hybrid % temperature 1 .02 .09 
Year x temperature 1 6.39 .59 Year x temperature 1 .68 3.54 
Hybrid x year x temp. I 1.63 .17 Hybrid % year x temp. 1 .04 .22 
Residual 24 10.66 I^sidual 24 .19 
Total 31 9.41 Total 31 .270 
Penultimate leaf length Penultimate leaf width 
Hybrid 1 14.64 1.16 Hybrid 1 3.53 17.16** 
Year I .04 .00 Year 1 .03 .15 
Hybrid x year 1 10.00 .76 Hybrid x year 1 .01 .06 
Temperature 1 136.24 10.84** Temperature 1 l.SO 9.23** 
Hybrid x temperature 1 .71 .06 Hybrid x temperature I .54 2.64 
Year x temperature 1 .25 .02 Year x temperature 1 .10 .49 
Hybrid x year x temp. 1 9.96 .78 Hybrid x year x temp. 1 .08 .38 
Hesidual 24 12.75 Residual 24 .21 
'lota I 31 15.49 Total 31 .36 
I^ble A) (Continued) 
1962 Field Studies 1982 Held Studies 
Source O.K. M.S. Source D.F. M.S. f 
kumber of tillers/plant kumber of ears/plant 
Hybrid 1 .420 29.36** Hybrid 1 .165 3.03 
Year I .003 .19 Year 1 .031 .50 
Hybrid x year I .055 3.64 Hybrid m year 1 .002 .03 
Temperature I .026 1.99 Temperature 1 .036 .59 
Hybrid * temperature I .000 .03 Hybrid % temperature I .061 1.33 
Year x temperature I .056 3.92 Year « temperature 1 .009 .14 
Hybrid x year x temp. 1 .000 .00 Hybrid X year x te#^. 1 .012 .19 
Residual 24 .014 Residual 24 .061 
Total jl .02& total 31 .059 
1964 tield Studies 
Days from planting to 501» ta seeling Days fro# planting to 50% ta seeling 
Hybrid 1 54.24 17.09** Hybrid 1 21.26 56.21* 
Year I 1.62 .57 Year 1 .61 2.13 
Hybrid x year 1 1.26 .40 Hybrid x year 1 1.29 3.41 
Temperature I 5.26 1.66 Tempera tuna 1 1.35 3.56 
Hybrid x temperature 1 3.34 1.05 Hybrid x tenqperature 1 .04 0.10 
Year x temperature I .03 .01 Year x temperature 1 .14 0.36 
Hybrid x year x temp, I .59 .19 Hybrid x year x temp. 1 .06 0.17 
Hesidual 24 3.17 Residual 24 .38 
Total 31 4.4b total 31 1.10 
Table A3 (Continued) 
1982 field Studies 1964 field Studies 
Source D.f . M.S. Source O.F. M.S. F 
Days from planting to silking Days fro# planting to 50% silking 
Hybrid 10.14 4.39* Hybrid I 62.58 59.01** 
Year 4.51 1.95 y«ar 1 3.61 3.41 
Hybrid * year 4.49 1.95 Hybrid x year I 3.S6 3.73 
Tempera Wre .01 .01 Temperature 1 5.91 5.57** 
Hybrid x temperature 2.36 1.02 Hybrid x tea|>ecature I 2.97 2.80 
Year x temperature 2.72 1.18 Year x temperature 1 1.87 1.77 
Hybrid x year x temp. .89 .39 Hybrid x year x temp. I 1.64 1.55 
Residual 2 2.31 Residual 24 1.06 
Total 3 2.O0 Total 31 3.48 
tresh weigh /50 seeds fresh weight/50 seeds 
Hybrid 6.93 3.61 Hybrid 1 1.53 2.17 
Year 4.58 1.85 Year 1 5.61 7.95** 
Hybrid x year 1.02 .41 Hybrid X year I .61 .86 
Temperature 18.76 7.59* Temperature 1 2.64 3.75 
Hybrid x temperaWre .69 .28 Hybrid x temperature 1 .28 .40 
Year x temperature .30 .12 Year x temperature 1 .21 .30 
Hybrid x year x tamp. 24.33 9.84** Hybrid x year x temp. I 1.62 2.30 
Residual Zi 2.47 Residual 24 .71 
Total 3 3.80 Total 31 .95 
Table A3 (Continued) 
1962 Field Studies 1964 field Studies 
Souroe D.F. M.S. * Source O.t. M.S. f 
Dry %»eight/50 seeds ùry weight/50 seeds 
Hybrid 1 1.05 1.19 Hybrid I .138 .04 
Year 1 .26 .32 Year 1 .813 2.38 
Hybrid * year 1 1.05 1.19 Hybrid % year 1 .263 .77 
Temperature 1 5.95 6.75* Temperature 1 .383 1.12 
Hybrid * temperature 1 .Ob .07 Hybrid x tenors bire 1 .138 .40 
Year x temperaWre 1 .78 .89 Year % tenperature 1 1.653 5.43* 
Hybrid * year * temp. 1 6.66 7.56* Hybrid % year % temp. I 3.99 11.70** 
Residual 24 .68 .88 Residual 24 .34 
Total 31 1.19 Total 31 .51 
Grain yield Grain yield 
Hybrid 1 203617.7 .04 Hybrid 1 76050.0 .19 
Year 1 306387.3 .07 Year 1 116910.3 .30 
Hybrid * year 1 22123.6 .00 Hybrid * year 1 4245.8 .01 
Temperature 1 900280.7 .19 Temperature 1 54863.3 .14 
Hybrid * temperature 1 87759.6 .02 Hybrid x tempersWre 1 92426.5 .24 
Year x temperature 1 11231193.2 2.42 Year x temperature 1 85.8 .00 
Hybrid x year x temp. 1 7644562.5 1.69 Hybrid % year x temp. I 6555.1 .02 
Heaidual 24 4649300.2 Residual 24 3S0068.5 
Total 31 4263907.4 Total 31 313315.6 
I'ablo A4. Analysis of variances of results of the growth chamber studies 
Source D.F. M.S. F Source D.f. M.S. I 
Emergence Emergence rate 
Hybrid 1 333.06 9.60** Hybrid 1 36.66 11.65** 
Year 1 33.06 .95 Year 1 2.46 .78 
Hybrid * year 1 .56 .02 Hybrid % year 1 7.10 2.25 
Temperature 1 1743.06 50.22** Temperature 1 308.31 97.45** 
Hybrid % temperature 1 370.56 10.68** Hybrid x teafierature 1 20.63 6.58* 
Year * temperature I 7.56 .22 Year x temperature 1 1.19 .38 
Hybrid % year % temp. 1 5.06 .15 Hybrid x year x I 0.03 .01 
Residual ^ 34.71 Residual 56 3.16 
Total 63 70.42 Total 63 8.79 
Plant height at 4 weeks Plant height at 6 weeks 
Hybrid 1 949.41 39.02** Hybrid 1 2903.86 79.95** 
Year 1 575.40 23.65** Year 1 239.09 6.56* 
Hybrid x year 1 15.31 .63 Hybrid x year 1 48.13 1.33 
Temperature 1 218.67 8.99** Teaperature 1 2.36 .07 
Hybrid x temperature 1 49.53 2.04 Hybrid x tea^rature 1 150.96 4.16* 
Year x temperaWre 1 75.90 3.12 Year x temperature 1 33.21 .91 
Hybrid x year x temp. 1 30.94 1.27 Hybrid x year x temp. I 1.29 .04 
Residual ^ 24.33 Residual 56 36.32 
Total 65 52.03 Total 63 65.92 
« P < 0.05. 
*« P < 0.01. 
A4 (Continued) 
Source D.F. M.S. i- Source O.F. M.S. F 
Plant height at Q weeks Plant height at 10 weeks 
Hybrid 1 500.06 2.97 Hybrid 1 3491.3 16.43** 
Year 1 50.2) .30 y^r 1 437.3 2.06 
Hybrid * year 1 0.44 .00 Hykrid % year 1 38.0 .18 
Temperature 1 447.65 2.66 Temperature 1 86.7 .14 
Hybrid x temperature 1 154.69 .92 Hybrid « temperature 1 35.6 .17 
Year % temperature 1 190.10 1.13 Year % teeqperature 1 130.8 .62 
Hybrid * year x temp. 1 56.06 .33 Hybrid s year % temp. 1 267.7 1.26 
Residual 56 168.29 Residual 56 212.5 
îotal 63 171.80 Total 63 260.09 
Stem diameter at 4 weeks Stem diameter at 6 weeks 
Hybrid 1 1.56 12.75** Hybrid 1 3.33 15.94*» 
Year 1 .12 1.35 Year 1 1.56 5.53» 
Hybrid x year 1 .18 1.99 Hybrid x y«ar 1 .00 .00 
Temperature 1 .81 8.93** Temperature 1 .03 .15 
Hybrid x temperature I .52 5.80* Hybrid x teafierature 1 .68 3.26 
Year x temperature 1 .04 .44 Year x tee^reture I .01 .03 
Hybrid x year x temp. 1 .01 .06 Hybrid x year x temp. 1 .01 .03 
Residual 56 .091 Residual 56 .21 
Total 63 .126 Total 63 .27 
Table A4 (Continued) 
Source O.F. M.S. t Source D.t. M.S. f 
Stem diameter at 6 weeks Stem diameter at 10 weeks 
Hybrid 1 .47 .62 Hybrid 1 .29 .30 
ïear 1 .21 .28 Year 1 .29 .30 
Hybrid x year 1 1.13 1.49 Hybrid % year 1 .004 .00 
Temperature 1 .19 .25 lemperoture 1 .03 .03 
Hybrid x temperature 1 .04 .06 Hybrid x temperature 1 .05 .05 
Year x temperature 1 .01 .02 Year x tanfterature 1 1.41 1.46 
Hybrid x year x temp. 1 .51 .67 Hybrid x year x temp. 1 2.29 2.37 
Residual 56 .76 Residual 56 .96 
Total 6) .72 Total 63 .93 
Shoot dry matter at 4 weeks Shoot dry matter at 6 weeks 
Hybrid 1 .09 15.82** Hybrid I 1.46 118.54** 
Year 1 .10 17.81** Year 1 .42 34.25** 
Hybrid x year 1 .002 .43 Hybrid x year I .11 6.95 
temperature 1 .01 2.40 Temperature 1 .26 22.53** 
Hybrid x temperature 1 .001 .23 Hybrid x temperature I .25 20.28** 
Year x temperature 1 .03 5.06* Year x temperature 1 .08 6.29* 
Hybrid x year x temp. 1 .02 3.03 Hybrid x year x temp. 1 .11 9.26** 
Residual 56 .006 Residual 56 .01 
Total 6; .009 Total 63 .05 
Table A4 (Continued) 
Source S.F* ft.S. ( Source D.f. M.S. 
Shoot dry matter at S weeks Shoot dry matter at 10 weeks 
Hybrid I 7,29 6.63* Hybrid 1 11.91 4.05» 
Year I .19 .17 Year 1 4.18 1.42 
Hybrid x year 1 .14 .13 Hybrid % ymr 1 6.18 2.10 
Temperature 1 1.11 1.01 temperature 1 1.09 .37 
Hybrid * temperature 1 .53 .48 Hybrid % temperature 1 .23 .06 
Year x temperature 1 2.50 2.27 year x temperature 1 .20 .07* 
Hybrid x year x temp. 1 1.16 1.06 Hybrid x year x tee#. 1 7.60 2.58 
Hesidual Sb 1.10 Residual 56 2.94 
Total 65 1.16 Total 63 3.11 
Tabl« AA (Continued) 
Source D.f. &.S. * Sm*rce D.F. M.S. 
Warm germination Cold test 
Hybrid 1 1.5b .51 Hybrid I 1.00 .31 
Year 1 5.06 1.65 ïoar 1 .25 .08 
Hybrid * year I 1.56 .51 Hybrid x year 1 4.00 1.23 
Temperature I 16.06 5.90* Temperature 1 210.25 64.69*4 
Hybrid x temperature I .56 .18 Hybrid x temperature 1 1.00 .31 
Year x temperature I .06 .02 Year x tem$*erature 1 0.25 .08 
Hybrid x year x temp. .56 .18 Hybrid x year x temp. 1 9.00 2.77 
Residual 6 3.06 Residual 8 3.25 
Total 15 3.46 Total 15 16.78 
Seedling dry weight Ratio of shoot to root dry weight 
Hybrid i 3.42 35.56** Hybrid 1 .02 .23 
Year I .64 6.65* Year 1 .33 4.85 
Hybrid x year I .36 3.74 Hybrid x year 1 .02 .23 
Temperature I .42 4.39 Temperature 1 .14 2.06 
Hybrid x temperature I .02 .23 Hybrid x teayerature 1 .02 .23 
Year x temperature I .00 .00 Year x temperature 1 .03 .45 
Hybrid x year x temp. .04 .42 Hybrid x year x teag*. 1 .18 2.65 
Residual 6 .10 Residual 6 .07 
Total 15 .38 Total 15 .08 
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A5. Analysis of varianoas of results of the 1963 field study 
Reduoed Population ttoifon» Population 
Source D.*. %.S. F Source IXt. M.S. F 
&B@Fgenoe taergenee 
Hybrid 1 1490.58 28.39#* Hybrid I 17.43 .46 
Temperature 1 4259.65 81.12#* Temperature 1 928.73 25.35*» 
Hybrid x temperature 1 691.92 13.18** Hybrid x ternira ture 1 36.30 .99 
Residual 28 52.51 Residual 12 36.64 
Total 31 255.24 Total 15 94.81 
tanergenoe rate Emergence rate 
Hybrid 1 8.95 4.54* Hybrid 1 4.67 3.09 
lemperatura 1 7.76 3.93 Tempera ture 1 11.69 7.43* 
Hybrid x temperature 1 0.06 0.03 Hybrid x temperature 1 .21 .13 
Residual 28 1.97 Residual 12 1.57 
Total 31 2.32 Total 15 2.38 
Plant height at 4 weeks Plant hei^t at 4 weeks 
Hybrid 1 249.20 4.07 Hybrid 1 352.50 23.79** 
Temperature 1 104.76 1.71 temperature 1 36.30 2.45 
Hybrid x temperature 1 10.93 0.18 Hybrid x temperature 1 106.68 7.33* 
Residual 26 61.18 Residual 12 14.62 
Total 31 67.03 total 15 450.19 
* P < 0.05, 
«« P < 0.01. 
lablo A5 (Continued) 
Reduoed Population Unifor» Population 
Source D.F. M.S. F Source D.*. K.S. F 
Plant hei^t at 6 weeks Plant height at 6 weeks 
Hybrid 1 1156.73 25.58** Hybrid 1 400.40 10.95** 
lemperature 1 269.00 5.94* Temperature 1 56.70 1.55 
Hybrid x temperature I 9.29 0.21 Hybrid % teiqierature 1 201.21 5.50* 
Residual 28 45.31 Residual 12 36.55 
Total 31 67.28 Total 15 73.13 
Plant hei^t at 6 weeks Plant height at 6 weeks 
Hybrid 1 53.77 .61 Hybrid 1 526.43 6.36* 
Temperature 1 83.08 .94 Temperature 1 27.96 0.34 
Hybrid x temperature 1 23.67 .27 Hybrid % temperature 1 56.09 1.16* 
Residual 26 68.22 Residual 12 82.80 
Total 31 84.67 Total 15 109.74 
Stem diameter at 4 weeks Stem diameter at 4 weeks 
Hybrid 1 .009 .44 Hybrid 1 .095 12.75** 
Temperature 1 .003 .16 temperature 1 .016 2.19 
Hybrid x temperature 1 .067 3.23 Hybrid x temperature 1 .002 .24 
Residual 26 .021 Residual 12 .007 
Total 31 .021 Total 15 .013 
ïbble A5 (Continued) 
Reduced Population tfcufem Population 
Source D.i'. M.S. F Source D.f. M.S. F 
Stem diameter at 6 weeics S te# dia#eter at 6 weeks 
Hybrid I .047 1.64 Hybrid 1 .031 4.67* 
Temperature I .005 .16 leiBpeRiture 1 .004 .68 
Hybrid x temperature 1 .023 .78 Hybrid % teepereture 1 .051 8.09# 
Residual 28 .029 Residual 12 .006 
Total 31 .028 Total 15 .011 
Stem diameter at 8 weeks S te# diameter at 8 weeka 
Hybrid I .060 5.44* Hybrid 1 .024 1.52* 
Temperature i .150 13.51** Temperature 1 .002 .10 
Hybrid x temperature 1 .005 .47 Hybrid x tee^rature 1 .004 .27 
Residual 28 .011 Residual 12 .016 
l ota I 31 .017 Total 15 .015 
Shoot dry matter at A weeks Shoot dry matter at 4 weeks 
Hybrid 1 .56 .89 Hybrid I .38 .44 
Temperature 1 .65 1.00 Teaqpe rature 1 -05 .06 
Hybrid x temperature 1 7.19 11.00** Hybrid x teeperature 1 .16 .19 
Residual 28 .65 Residual 12 .65 
Total 31 Total 15 .72 
ïable A5 (Continued) 
Reduced Pomiiation Uniforw Population 
Source D.f. M.S. Source O.F. M.S. 
Shoot dry matter at 6 weeks Shoot dry matter at 8 weeks 
Hybrid 1 .0055 .00 Hybrid 1 .74 .37 
Temperature 1 3.6046 2.90 Teofwrature 1 .65 .33 
Hybrid x temperature 1 .6555 0.53** Hybrid x temperature 1 1.95 .99 
Residual 28 1.2419 Residual 12 1.97 
Total 31 1.2593 Total 15 1.79 
Pays from planting to 50%» tasseling Days fro» planting to 50* tasseling 
Hybrid 1 .76 15.39** Hybrid 1 2.07 8.87* 
Temperature 1 .78 15.39** Temperature 1 .32 1.36 
Hybrid x tempera Wre 1 .78 15.39** Hybrid x temperature 1 .32 1.36 
Residual 28 .05 Residual 12 .23 
Total 31 .123 Total 15 .37 
Days from planting to silking Days fro# planting to 50% silking 
Hybrid 1 7.35 33.61** Hybrid 1 4.254 7.37* 
Temperature 1 2.73 12.46** Temperature 1 .004 .01 
Hybrid x temperature 1 .89 4.07 Hybrid x temperature 1 .1914 .33 
Residual 28 .22 Residual 12 .5768 
Total 31 .55 Total 15 .7581 
ï&ble AS (Continued) 
Reduced Population Oniforw Population 
Source D.F. N.S. F Source 0.1. M.S. F 
tar loaf length iar leaf length 
Hybrid 1 34,22 11.61** Hybrid 1 5.45 .55 
lemperatura 1 .71 .24 Temperature 1 4.18 .42 
Hybrid % temperature 1 .34 .12 Hybrid % teeperature 1 .06 .01 
Residual 28 2.95 Residual 12 9.94 
•iota I 31 3.61 Total 15 8.60 
bar loaf width Ear leaf width 
Hybrid 1 .970 11.88** Hybrid 1 .060 1.41 
Temperature I .570 6.98* Temperature 1 .286 6.70» 
Hybrid % temperature 1 .009 .11 Hybrid x temperature 1 .004 .10 
Residual 2b .082 Residual 12 .043 
Total 31 .124 Total 15 .058 
Penultimate leaf length Penultimate leaf length 
Hybrid I 204.78 13.15** Hybrid 1 67.73 5.63* 
Temperature I 12.89 .83 Temperature 1 5.57 .48 
Hybrid * temperature I 11.53 .74 Hybrid x temperature 1 3.05 .26 
Residual 28 15.57 Residual 12 11.62 
Total 31 21.45 Total 15 14.39 
A5 (Continued) 
Reduced Population Ikiform Population 
Source D.F. M.S. F Source D.f. M.S. F 
Penultimate laaf width BenultimaW leaf width 
Hybrid 1 1.2403 17.69** Hybrid 1 .57 1.66 
Temperature 1 .2176 3.11 Temperature 1 .59 1.75 
Hybrid x temperature 1 .0002 .00 Hybrid * teaperature 1 .27 .76 
Residual 26 .0701 Residual 12 .34 
Total 31 .110 total 15 .37 
number of tillers/plant Mmber of tillerg/plaot 
Hybrid 1 .0206 1.51 Hybrid 1 .00017 .54 
Temperature 1 .1240 6.96** Tem^rature 1 .00058 1.64 
Hybrid * temperature 1 .0009 0.06 Hybrid x tempera ture I .00006 .26 
Residual 26 .0136 Residual 12 .00031 
Total 31 .0172 Total 15 .00031 
Number of ears/plant kumber of ears/plant 
Hybrid 1 .0061 .26 Hybrid I .00031 3.00 
Temperature 1 .0013 .06 Temperature 1 .000006 .06 
Hybrid * temperature 1 .0741 3.41 Hybrid x temperature 1 .0003 3.00 
Residual 26 .0217 Residual 12 .0001 
'iota I 31 .0223 Total 15 .0001 
ïbble A5 (Continued) 
Roduoed Population Uoifom Population 
Source D.F. M.S. Source D.f. li.S. 
tresh weight/50 seeds fresh weight/50 seeds 
Hybrid i 3.06 1.10 Hybrid 1 .010 .00 
Temperature 1 10.93 3.91 Temperature 1 1.823 .09 
Hybrid x temperature I 4.73 1.69 Hybrid x temperature 1 1.103 .54 
Residual 28 2.79 Residual 12 2.045 
Total 31 3.13 lotBl 15 1.83 
Dry weight/50 seeds Dry weight/50 seeds 
Hybrid 1 .05 .07 Hybrid I .25 .40 
Temperature 1 1.49 1.84 Temperature 1 .56 .89 
Hybrid x temperature 1 0.63 .78 Hybrid x temperature 1 1.82 2.90 
Residual 28 .81 Residual 12 .63 
Total 31 .60 Total 15 .68 
Grain yield Grain yield 
Hybrid I 2357977.6 2.06 Hybrid I 4555876.8 
Temperature 1 1817895.5 1.58 Temperature 1 24226.9 
Hybrid x temperature 1 5027541.2 4.38 Hybrid x temperature I 213860.0 
Residual 28 1147186.2 Residual 12 448516.7 
Total 31 1333052.4 Total 15 678410.9 
10.16** 
.05 
.46 
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APPMDIX B. REGRESSION EQUAlIOhS OF PUftT H&ICHtS, SIEh 
DIAMTER AkD SHOOT DRY WEIGHT ON CAYS FROM 
SOUIJtC 10 THE LAST SAhPUKC DATES I& THE FIELD 
AW IM THE GROWTH CHAKBER STUDIES 
Table Bl. Regression equations of plant height and ate# diameter on days fro# 
planting to the last sampling date (56 days) in the 1962 field 
studies 
Character Hybrid Drying Regression Coefficient of 
temperature equation determine tion-of 
C regression (r ) 
Plant height A652 35 * » —110.9 • 4*6% .94 
Plant hsi^t A652 50 Ï s —115 2 • 4*6x .96 
Plant height m 35 % » -107.2 * 4.3% .95 
Plant height b73 50 Ï 5 -ioe.7 * 4.2% .94 
Stem diameter 35 Ï = -1.31 • .10?% .95 
Stem diameter 50 % = -1.49 • .071% .98 
Stem diameter m 35 % = -1.57 • .073% .56 
Stem diameter U7i 50 Y » —1.69 • .081% .94 
Table B2. Regression equsti<ms of plant hei^t, stem diameter and shoot dry 
natter on days from planting to the last sampling date (70 days) in 
the growth chamber studies 
Character Hybrid Drying Regression Coefficient of 
temperature equation de termina tion^of 
C regression (r ) 
Plant height A632 35 Ï S -12.76 • 2.35* .92 
Plant hei#)t A632 50 Y 5 -12.16 • 2.30* .88 
Plant height fi73 35 % S -15.23 + 2.21* .SO 
Plant hei^t 873 50 % S -21.13 • 2.25* .89 
Stem diameter A632 35 Y « 1.63 * .04* .30 
Stem diameter A632 50 i 9 2.11 * .04* .26 
Stem diameter m 35 Y m .80 • .057* .46 
Stem diameter 573 50 Y s .47 • .062* .35 
Shoot dry matter At>32 35 Y s -3.23 • .109* .64 
Shoot dry matter A632 50 y s -3.61 4 .121* .73 
Shoot dry matter m 35 Y s -2.76 • .093* .71 
Shoot dry mtter L73 50 Y 9 -3.10 * .099* .64 
Table B3. Regression equatiwvs of plant height end stem diameter on days fro# planting to the last 
sampling date (56 days) in the 1983 field studies 
Reduced Uniform 
Papulation Coefficient Population Coefficient 
Drying of determination of determination 
Character Hybrid tem%rature Regrewion of ref^ssion Regression of regression 
C equation (r ) equation (r^) 
Plant height A632 35 y 9 12.90 • 2.96% .94 Y 5 13.9 • 2.85* .95 
Plant height A632 50 Y S 26.92 4 2.61* .95 Y 5 5.98 • 2.98* .99 
Plant height 673 35 Y 23.48 • 2.53* .95 Y S 1.03 • 3.03* .97 
Plant height B73 50 Y % 2.15 4 2.90* .93 Y % -15.8+ 3.38* .95 
Stem diameter A632 35 Y 9 1.18 • .015* .71 Y w .93 • .03* .70 
Stem diameter A632 50 Y 1.07 • .019* .ai Y 9 .92 • .03* .70 
Stem diameter b73 35 Y S .86 t .024* .72 Y w .97 • .03* .63 
Stem diameter 573 50 Y 5 .69 • .027* .70 Y s .60 * .04* .70 
